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(54) ALKALINE STORAGE BATTERY REMAINING CAPACITY ESTIMATION METHOD AND 
CAPACITY ESTIMATION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To carry out the estimation 
of capacity in a short time in an arbitrary discharge 
state by estimating remaining capacity by applying an 
open circuit voltage, nominal capacity and estimated 
capacity in a pause state before and after charge or 
discharge to a voltage-capacity curve as well as 
estimating dischargeable capacity from full charge. 
SOLUTION: A computer 3 measures, memorizes and 
records the terminal voltage and current of a test object 
cell or a combination battery 1, and additional data such 
as temperature, humidity and battery distortion as 
required at predetermined intervals while controlling a 
test in a condition set in advance. The computer applies 
a deterioration determining standard formula relative to 
a battery capacity and remaining capacity estimation 
method to the obtained test data, makes a deterioration 
determining formula from the deterioration determining 
standard formula according to a predetermined 
procedure to estimate the dischargeable capacity from 

fully charged state of the test object cell or the combination battery 1, and is provided with an 
arithmetic function to estimate the remaining capacity by applying it to a voltage-capacity 
relation formula, and furthermore, provided with a characteristic forming function to plot the 
test data at intervals of a certain period of time if necessary. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is related with an alkaline battery (the following, a eel, and name) or the alkaline 
battery group (a following and group cell and name) connected to the serial. [ two or more ] 
Once setting a test objective eel or a group cell to hibernation, with a fixed current value, short- 
time-discharge or it charges. Ask for internal resistance from change of the terminal voltage 
before and behind that discharge or charge, and this internal resistance and the open-circuit 
voltage in hibernation The degradation criterion type which consists of capacity, internal 
resistance, and open-circuit voltage is applied to the judgment type which carried out multiplier 
amendment with the internal resistance and nominal capacity of a new article cell of a test 
objective. The alkaline battery capacity residue presuming method characterized by presuming a 
residue on an electrical-potential-difference-capacity curve with the application of the open- 
circuit voltage and this nominal capacity in hibernation, and presumed capacity before and behind 
discharge or charge at the same time it presumes the discharge possible capacity from a full 
charge. 

[Claim 2] This is once put on hibernation, carrying out the monitor of the terminal voltage of a 
eel or a group cell. Terminal voltage Voc1 After recording, short-time discharge or charge is 
performed with the fixed current value I. Terminal voltage V2 immediately after the discharge and 
charge Value ZZ=delta V/I which recorded and **(ed) the electrical-potential-difference 
difference deltaV=Voc1-V2 with discharge or a charging current value is calculated as internal 
resistance. Short-time discharge or charge is performed with the fixed current value I. Or the 
discharge, Terminal voltage Voc3 immediately after completing charge and starting a pause 
Record and the electrical-potential-difference difference deltaV=V2-Voc3 is discharged. Or it 
applies to carry out constant amendment of a degradation criterion type for which asked for 
value ZT=deltaWI which **(ed) with the charging current value as internal resistance, and it 
asked from the eel property of a beforehand different degradation condition. At the same time it 
presumes the discharge possible capacity Q from the full charge condition of this test objective 
eel or a group cell The terminal voltage Voc1 of the relaxation time before carrying out the 
above-mentioned short-time charge or discharge, Or terminal voltage Voc3 of the relaxation 
time immediately after operation The residue (discharge remaining time) QrO and the above- 
mentioned short-time charge which were computed by having applied to the electrical-potential- 
difference-capacity curve of the new article eel of this test objective for which it asked 
beforehand, or nominal capacity Qo of the discharge possible capacity Q from the full charge 
condition presumed by discharge, this test objective eel, or a group cell from — residue 
(discharge remaining time) Qr Qr =QrO (Q/Qo) 

The alkaline battery capacity residue presuming method according to claim 1 characterized by 
presuming "Be alike." 

[Claim 3] The formula by which the degradation criterion type used as the base of calculation is 
constituted from the logarithm and capacity Q of internal resistance Z in the approach of 
calculating the discharge possible capacity from the full charge condition of a test objective eel 
or a group cell Q=aln(Z)+b (a and b are a constant and a< 0) (1) it is — capacity QA of the new 
article [ constants / a and b / of this criteria type (1) ] (non-deteriorated elegance) of a test 
objective eel or a group cell Internal resistance ZA of ZA =deltaV/I using — a->a (QA/QB) 
b->QA-a(QA/QB) In (ZA) 



(Capacity ot the eel which used QB for criteria type creation; 

The formula changed so that it might become, Q=a(QA/QB) ln(Z)+QA-a(QA/QB) In (ZA) (2) It 
uses as a degradation judems type. At this judgment ceremony (2) Internal resistance Z or the 
value Q which substitute^fcl computed Z — the discharge possib^^pacity from a full charge 
condition — carrying out^^Further — the open-circuit voltage VocWr a test objective eel or a 
group cell, or Voc3 The value of Q computed in the above-mentioned degradation judging type 
(2), and capacity QA of the corresponding non-deteriorated elegance Relation is Voc1 <(Q/QA) 
0.85x (the number of eels). 
Or Voc3 <(Q/QA)0.85x (the number of eels) 

The formula of capacity Q expressed with internal resistance Z and open-circuit voltage V 
instead of a degradation judging type (2), without using this Q value when becoming, Q=QA {[ln(Z) 
+dV-e]/(fV-g)} (3) (d, e, f, and g are a constant) ******** — with the open-circuit voltage 
which constants d, e, f, and g were made to discharge to four steps of depth of discharge which 
is different about non-deteriorated elegance, and asked for them, and the value of internal 
resistance Q=QA from — determining — this — using — this judgment type (3) — open-circuit 
voltage Voc1 or Voc3 The electrical-potential-difference-capacity curve used in order to make 
into the discharge possible capacity from a full charge condition the value Q which substituted 
and computed internal resistance Z or T and to presume a residue on the other hand Open 
circuit terminal voltage Vo of the new article eel set in the full charge condition of a test 
objective After recording, this Discharge by fixed time amount for 30 or less minutes by the 
current rate of 0.1 C thru/or 0.2C, set this to the hibernation of 1 hours or more, and the open 
circuit terminal Vox is recorded on the last of relaxation time. It is made to discharge on the 
same conditions again, this is repeated to the electrical potential difference not more than 1.0V, 
and it is Vo. The alkaline battery capacity residue presuming method according to claim 2 
characterized by being the curve which plotted and asked every charging time value (discharge 
capacity) for Vox. 

[Claim 4] Record of the terminal voltage carried out in the alkaline battery capacity residue 
presuming method according to claim 2 in order to calculate the discharge possible capacity 
from the full charge condition of a test objective eel or a group cell, Charge or discharge 
conditions are the terminal voltage Voc1 before charge or discharge. Test objective eel, Or it is 
the electrical potential difference for less than 2 seconds which a group cell sets to hibernation 
and by which charge or discharge is started. Charge is carried out by the current rate of 0.05 or 
more C, and discharge is carried out by the current rate of 0.5 or more C. terminal voltage V2 
which both charge and a charging time value is 1 or less second, and is recorded during charge 
or discharge Terminal voltage Voc3 which is an electrical potential difference in front of charge 
or discharge termination, and is recorded after charge or discharge termination The alkaline 
battery capacity residue presuming method characterized by being an electrical potential 
difference for less than 2 seconds after charge or discharge termination. 
[Claim 5] the alkaline battery capacity presumption equipment characterize by to consist of a 
computer which manage data , and a charge and discharge machine which control the test 
condition of an alkaline battery , to build the circuit or the function of calculate the application 
criteria type and the electrical potential difference-capacity curve in the alkaline battery 
capacity residue presume method according to claim 2 in this computer , and to perform the 
capacity of a test objective eel or a group cell , and residue presumption according to the 
procedure of the alkaline battery capacity residue presume method according to claim 2 . 
[Claim 6] The computer which calculates in order to carry out collection management of the test 
data and to calculate capacity and residue estimate according to the alkaline battery capacity 
residue presuming method according to claim 2, [ whether it consists of test discharge of this 
trial eel or a group cell, a current limiter which controls charge conditions, or a charge-and- 
discharge controller, and ] Or the arithmetic circuit which performs the procedure of the alkaline 
battery capacity residue presuming method according to claim 2 to an established computer or 
alkaline battery capacity presumption equipment characterized by extending and coming to carry 
a function and consisting of this current limiter or a charge-and-discharge controller. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alkaline battery capacity residue presuming 
method and capacity presumption equipment for predicting the capacity and the residue of the 
alkaline battery for backup in use. 

[0002] In addition, capacity when capacity discharges until it resulted [ from the full charge 
condition ] in the assumption termination electrical potential difference, and a residue have 
pointed out the value of the capacity which shows how much [ after ] it can discharge to a 
convention termination electrical potential difference in the condition of having discharged to a 
certain range. Capacity is calculated by current x time amount, when it discharges with a fixed 
current. 
[0003] 

[Description of the Prior Art] In recent years, diversification of communication service and 
large-scale-ization advance, and high-reliability is also demanded of coincidence. In connection 
with this, installation of a variety of non-cut [ the electric current ] off electric supply systems 
or application of a backup power supply is promoted, and the rechargeable battery for backup 
has also come to be used in large quantities. Grasp of the residue display of the rechargeable 
battery for backup, maintenance, and a suitable replacement stage has been needed for 
dependability reservation of these equipments and a system. 

[0004] There is a method of finding the time amount of constant-current discharge Perilla 
frutescens (L.) Britton var. crispa (Thunb.) Decne. until it reaches the discharge final voltage of 
terminal voltage's convention of a trial cell as the conventional rechargeable battery capacity 
presumption approach. 

[0005] By this approach, the capacity of a cell had the fault that the electric supply to load 
equipment would become impossible if it becomes measurement of long duration and troubles, 
such as interruption of service, arise during measurement although it can ask correctly. 
[0006] As an option, the internal impedance by the alternating current impedance is measured, 
or constant-current discharge of fixed time amount or charge is performed, it applies to the 
relation between the internal resistance which acquired the electrical-potential-difference 
response to this beforehand, using the value which **(ed) with the current value as internal 
resistance or an impedance, and cell capacity, and cell capacity is presumed. 
[0007] Although capacity presumption was attained comparatively for a short time, the relation 
of the capacity of each size and each manufacturer cell and internal impedance which serve as a 
test objective beforehand needs to be grasped, this needed to be memorized, and huge data 
acquisition and storage capacity needed to be secured of this approach. It had the fault that 
furthermore it was necessary to carry out new data acquisition and record for every amelioration 
of a cell. 

[0008] Furthermore, in order to improve the fault by these approaches, the high degradation 
criterion type of versatility applicable to the cell of varieties only by multiplier amendment was 
devised (Japanese Patent Application No. 7-238363). By this approach, while capacity 
presumption was attained comparatively simply by short-time discharge or charge, for the 
judgment, it had the fault that the full charge of the test objective cell always had to be carried 
out beforehand. 



[0009] Moreover, only the capacity presuming method was proposed about these backup cells, 
and there was no residue presumption which is related with the cell for cycles which uses charge 
and discharge, repeating them frequently. Therefore, when the deg radat ion condition of a backup 
cell was not grasped cor^H^y, also producing the inconvenience ofj^^fulfilling the prospective 
time often existed. 
[0010] 

[Problem(s) to be Solved by the Invention] In order that the purpose of this invention may solve 
the above-mentioned present condition, it can carry out capacity presumption in the state of 
discharge of arbitration in a short time, and is to offer the alkaline battery capacity residue 
presuming method and capacity presumption equipment which can also presume a residue to 
coincidence. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
relates to an alkaline battery (the following, a eel, and name) or the alkaline battery group (a 
following and group cell and name) connected to the serial. [ two or more ] Once setting a test 
objective eel or a group cell to hibernation, with a fixed current value, short-time-discharge or it 
charges. Ask for internal resistance from change of the terminal voltage before and behind that 
discharge or charge, and this internal resistance and the open-circuit voltage in hibernation The 
degradation criterion type which consists of capacity, internal resistance, and open-circuit 
voltage is applied to the judgment type which carried out multiplier amendment with the internal 
resistance and nominal capacity of a new article cell of a test objective. The alkaline battery 
capacity residue presuming method for presuming a residue on an electrical-potential- 
difference-capacity curve with the application of the open-circuit voltage and this nominal 
capacity in hibernation, and presumed capacity before and behind discharge or charge at the 
same time it presumes the discharge possible capacity from a full charge, It consists of a 
computer which manages data, and a charge-and-discharge machine which controls the test 
condition of a battery. The procedure of building the circuit or the function to calculate the 
degradation judging type and electrical-potential-difference-capacity relational expression in the 
capacity and the residue presuming method of this trial cell in this computer, and indicating it 
above is followed. A trial eel, Or the equipment characterized by performing capacity of a group 
cell, and residue presumption, It includes in an existing non-cut [ the electric current ] off 
electric supply system and an existing rechargeable battery charge-and-discharge automatic 
test equipment With the computer which calculates in order to calculate capacity and residue 
estimate according to the cell capacity and the residue presuming method which carry out 
collection management of the test data for performing capacity of a trial cell, and residue 
presumption, and are indicated above, if required [ whether it consists of a current limiter which 
controls the test condition of this trial cell, or a charge-and-discharge controller, and ] Or if it 
extends and comes to carry the arithmetic circuit which performs the procedure of the cell 
capacity indicated above and the residue presuming method, or a function in an established 
computer and is required for it, the capacity and the residue presumption function which consist 
of this current limiter or a charge-and-discharge controller will be proposed. 
[0012] The reason which can be presumed in precision with the high cell capacity and residue 
presuming method which become this invention By advance of cell degradation, although for 
example, negative-electrode cadmium changes with that the internal resistance of a cell 
increases by reduction of increase of reduction of the electrolytic solution in a separator, a 
positive electrode, and negative-electrode resistance, a negative electrode, and the matter, and 
advance of discharge to cadmium hydroxide and electrolytic-solution concentration changes 
Since these degradation and depth of discharge are closely related to internal resistance, it 
thinks because the criteria type of the presuming method and electrical-potential-difference- 
capacity curve which consist of factors of terminal voltage, internal resistance, and capacity can 
be expressing the property of a cell to accuracy more. 

[0013] In addition, depth of discharge makes 100% the case where it discharges until it resulted 
in the full discharge condition from a full charge condition to a convention termination electrical 
potential difference, and shows the magnitude (progress condition of discharge) of the amount of 
discharge. Depth of It is referred to also as DOD from Discharge. As description, it is the ratio 
(%) of discharge quantity of electricity to rated capacity. Conversely, there is especially no 



language showing the progress condition of charge, and SOC (State of Charge) is often used. 
[0014] 

[Embodiment of the Invei^jttn] With reference to a drawing, the exan^k of a gestalt of operation 
of this invention is explail^^o a detail below. 

[0015] It is related with an alkaline battery (the following, a eel, and name) or the alkaline battery 
group (a following and group cell and name) connected to the serial. [ two or more ] This is once 
put on hibernation, carrying out the monitor of the terminal voltage of this eel or a group cell. 
Terminal voltage Voc1 After recording, short-time discharge or charge is performed with the 
fixed current value I. Terminal voltage V2 immediately after the discharge and charge Value 
ZZ=delta V/I which recorded and **(ed) the electrical-potential-difference difference 
deltaV=Voc1-V2 with discharge or a charging current value is calculated as internal resistance. 
Short-time discharge or charge is performed with the fixed current value L Or the discharge, 
Terminal voltage Voc3 immediately after completing charge and starting a pause Record and the 
electrical-potential-difference difference deltaV f =V2-Voc3 is discharged. Or it applies to carry 
out constant amendment of a degradation criterion type for which asked for value Z'Z -deltaWI 
which **(ed) with the charging current value as internal resistance, and it asked from the eel 
property of a beforehand different degradation condition. At the same time it presumes the 
discharge possible capacity Q from the full charge condition of this test objective eel or a group 
cell The terminal voltage Voc1 of the relaxation time before carrying out the above-mentioned 
short-time charge or discharge, Or terminal voltage Voc3 of the relaxation time immediately 
after operation The residue (discharge remaining time) QrO and the above-mentioned short-time 
charge which were computed by having applied to the electrical-potential-difference-capacity 
curve of the new article eel of this test objective for which it asked beforehand, or nominal 
capacity Qo of the discharge possible capacity Q from the full charge condition presumed by 
discharge, this test objective eel, or a group cell from — residue (discharge remaining time) Qr 
Qr =QrO (Q/Qo) 
It presumes "Be alike." 

[0016] This invention is explained in more detail. 

[0017] Degradation criterion type constituted from cell capacity Q and internal resistance Z in 
the cell capacity and the residue presuming method which become this invention by the 
approach of presuming the discharge possible capacity from a full charge condition Q=aln (Z) +b 
(a and b are a constant and a< 0) (1) It uses as a fundamental relation type. It is based on the 
opposite numeric value of the internal resistance Z of a nickel-cadmium battery and the 
discharge possible capacity Q in a full charge condition having a straight-line relation about this 
criteria type (1) (N. Kato, etal., J.Power Source, (1997)). As a result of advancing examination 
further based on this result, on a cell by which the discharge possible capacity from a full charge 
exceeds 70% of nominal capacity and by which degradation is not advancing comparatively, it 
became clear for it to have been able to apply also to the cell in the depth of discharge of 
arbitration. Drawing 1 shows the basis. 

[0018] Namely, drawing 1 is drawing having shown an example of the result which showed the 
magnitude of electrical-potential-difference response deltaV measured whenever it carried out 
fixed time amount discharge with the fixed current value. It is the curve which showed the 
magnitude of electrical-potential-difference response deltaV in each discharge condition of a 
non-deteriorated cell with 100% of capacity. 1-1 — a nominal capacity ratio — 1-2 — said — 
the curve of 90% of case — it is — 1-3 — said — the curve of 80% of case — it is — 1-4 — 
said — the curve of 70% of case — it is — 1-5 — said — it is the curve of 60% of case. 
[001 9] By the cell in which a nominal capacity ratio has 80% or more of capacity, magnitude 
deltaV of an electrical-potential-difference response is not based on a discharge condition, but 
it turns out that it is almost fixed so that clearly from drawing 1 . 

[0020] Therefore, as for the above-mentioned degradation criterion type (1) used in this 
invention, it turns out that it has completely different semantics from the relation of the internal 
resistance Z and capacity Q in connection with the cell of the conventional full charge condition, 
and application fields differ. That is, the internal resistance in the discharge condition of 
arbitration including a full charge condition can apply to the above-mentioned degradation 
criterion type (1). 

[0021] The above-mentioned degradation criterion type (1) is the nominal capacity QA of a test 



objective eel or a group cell about multipliers a and b. Internal resistance ZA It is changed. Q=a 
(QA/QB) ln(Z)+QA-a(QA/QB) In (ZA) (2) (capacity of the eel which used QB for criteria type 
creation) It is used for proscription of the discharge possible capactafrom a full charge 
condition as a becoming ^Jbdation judging type. 

[0022] In addition, derivation of the above-mentioned degradation judging type (2) was performed 
by being as follows. 

[0023] It is QB about the capacity of the cell B used for creating the above-mentioned 
degradation criterion type (1). Supposing the capacity of the cell which was used for carrying out 
and similarly creating this formula (1) and which deteriorated sharply is 1/[ of the capacity of 
Cell A ] n and internal resistance is p times the cell A QB =aln(ZB)+b (21) QB/n =aln(ZB)+ [aln 
(p)+b] (22) It is realized. 

[0024] Here, they are the capacity Q of a test objective cell, and the relation of internal 
resistance Z. Q=a*ln (Z) +b* (a* and b* are a constant and a*<0) (23) Suppose that it is 
realized. 

[0025] the capacity of the test objective cell A which constitutes a formula (13) — QA and 
internal resistance ZA ** — the internal resistance of the cell used for carrying out and similarly 
creating this formula (1) is p times the cejl A — supposing it is a degradation cell sharply and the 
capacity is 1/[ of the capacity Of Cell A ] m QA =a*ln(ZA)+b* (24) QA / m=a*ln(ZA)+ [a*ln(p) 
+b*] (25) It becomes. 
[0026] 

From a formula (1lHype (12) QB [1-(1/n)] =-aln(p) (26) From a formula (14)-type (15) QA =[1- 
(1/m)] =-a*ln (p) (27) Formula (16) / formula (17) (QB/QA) [(1-1 /n) /(1-1/m) =a/a*] (28) n» 
Since it is 1 and m»1, it is from a formula (18). a*=a (QA/QB) (29) A formula (19) is substituted 
for a formula (14). b*=QA-a(QA/QB) In (ZA) (30) A formula (19) and a formula (20) can be 
substituted for a formula (13), and the above-mentioned degradation judging type (2) can be 
obtained. 

[0027] Only when advance of a degradation condition progresses and it is in a full charge 
condition, it becomes impossible however, to apply the above-mentioned degradation judging 
type (2). It is clear by drawing 1 shown previously. 

[0028] namely, the nominal capacity ratio to which degradation advanced in drawing 1 — by the 
cell of 70% and 60% of capacity, magnitude deltaV of an electrical-potential-difference response 
becomes large as discharge progresses. When open-circuit voltage Voc becomes less than 
[ 1.20V ] especially, increase of deltaV is remarkable and a degradation judging type (2) is 
unapplicable ability in as [ this ] at the trial eel or group cell of the condition that depth of 
discharge is deep. 

[0029] then, formula of capacity Q expressed with internal resistance Z and open-circuit voltage 
V as a degradation judging type replaced with the above-mentioned judgment type (2) Q=QA {[In 
(Z)+dV-e]/(fV-g)} (3) (d, e, f, and g are a constant) It proposes in this invention. 
[0030] The above-mentioned degradation judging type (3) is the relational expression created on 
the basis of the result of magnitude deltaV of the electrical-potential-difference response with 
each depth of discharge [ as / in drawin g 1 ]. the open-circuit voltage for which the constants d, 
e, f, and g in this judgment type (3) were made to discharge to four steps of different depth of 
discharge about the non-deteriorated elegance applicable to a test objective eel or a group cell, 
and it asked, the value of internal resistance, and capacity QA calculated from nominal capacity 
from — Q=QA ****** — it applies to (3) types, and these are determined and used. 
[0031] The derivation procedure of the above-mentioned degradation judging type (3) is outlined 
below. 

[0032] The logarithm of electrical-potential-difference response deltaV and relation with open- 
circuit voltage V are shown in drawing 2 . Between the opposite numeric value of electrical- 
potential-difference response deltaV, and open-circuit voltage V, very good straight-line relation 
is obtained so that clearly [ drawing 2 ]. 

[0033] drawing 2 — setting — 2-1 — a nominal capacity ratio — the straight line which showed 
the open-circuit voltage V of a non-deteriorated cell and the relation of electrical-potential- 
difference response deltaV with 100% of capacity — it is — 2-2 — said — the straight line of 
90% of case — it is — 2-3 — said — the straight line of 80% of case — it is — 2-4 — said — 
the straight line of 70% of case — it is — 2-5 — said — it is the straight line of 60% of case. 



L0034J Therefore, the following relational expression is materialized between internal resistance 

Z and open-circuit voltage V. 

[0035] 

ln(Z) =-jV+k (31) In (31) l^fe, it depends for multipliers j and k on ^^ftever [ cell's 
degradation ], i.e., Q/QA t ^m is nominal capacity) linearly. j=-f(Q/Q/^d (32) It reaches. k=-g 
(Q/QA)+e (33) It becomes. If (32) and (33) are substituted for (31) ln(Z) =~H(Q/QA)+d] V+ [-g 
(Q/QA)+e] (34) ln(Z) =(fV-g)(Q/QA)-dV+8 (35) The above-mentioned degradation judging type 
(3) can be found from (35) types. 

[0036] To this judgment type (3), open-circuit voltage Vocl and ** are Voc3. Let the value Q 
which substituted and computed internal resistance Z or T be the discharge possible capacity 
from a full charge condition. 

[0037] The conditions which apply a degradation judging type (3) instead of a formula (2) are the 
open-circuit voltage Voc1 of a test objective eel or a group cell, or Voc3. The discharge possible 
capacity Q from the full charge condition presumed using the degradation judging type (2), and 
capacity QA of the corresponding non-deteriorated elegance Relation judges from experimental 
data and it is Voc1 <(Q/QA)0.85x (the number of eels). 
Or Voc3 <(Q/QA)0.85x (the number of eels) 

It is the case where it becomes. If a degradation judging type (3) is used when the above- 
mentioned ratio is more than 0.85x (the number of eels), it becomes [ the error of estimate ] 
large and is not more desirable than a degradation judging type (2). 

[0038] By the approach of becoming this invention, while becoming possible to do in this way and 
to calculate the discharge possible capacity Q from a full charge condition, the residue how 
much [ after ] it can discharge from the discharge condition at the time of a trial to coincidence 
can also be judged. 

[0039] Namely, the terminal voltage Voc1 of the relaxation time before carrying out the above- 
mentioned short-time charge or discharge, Or terminal voltage Voc3 of the relaxation time 
immediately after operation The residue (discharge remaining time) QrO and the above- 
mentioned short-time charge which were computed by having applied to the electrical-potential- 
difference-capacity curve of the new article eel of this test objective for which it asked 
beforehand, or capacity QA of the non-deteriorated elegance of the discharge possible capacity 
Q from the full charge condition presumed by discharge, this test objective eel, or a group cell 
from — residue (discharge remaining time) Qr Qr =Qr0 (Q/QA) 

The electrical-potential-difference-capacity curve used in order to presume the residue it is 
presumed be alike Open circuit terminal voltage Vo of the new article eel set in the full charge 
condition of a test objective After recording, this Discharge by fixed time amount for 30 or less 
minutes by the current rate of 0.1 C thru/or 0.2C, set this to the hibernation of 1 hours or more, 
and the open circuit terminal voltage Vox is recorded on the last of relaxation time. It is made to 
discharge on the same conditions again, this is repeated to the electrical potential difference not 
more than 1.0V, and it is Vo. Every charging time value (discharge capacity) is plotted and asked 
for Vox. 

[0040] In addition, C is one value which shows the magnitude of the current value of discharge 
or charge. There is a view of the rate of time amount, and, in this case, a current value is 
expressed with a way of speaking called the rate discharge of t time amount to discharging until 
it becomes a termination electrical potential difference with Current I for t hours. The rated 
capacity (nominal capacity) of a cell is then used as C. For example, when calling it 1C, the rate 
discharge of 1 time amount which ends discharge in 1 hour is shown. When rated capacity is the 
cell of 1Ah, it means discharging with the current value of 1x2=2A. 0. If it is called 2C, it will 
discharge with the current value of 0.2x2=0.4A, and this will become the rate discharge of 5 time 
amount (discharge takes 5 hours). The value of nominal capacity is applied to C, and a current 
value can be found if it multiplies by the numeric value before that 
[0041] Although the discharge conditions for asking for the above-mentioned electrical- 
potential-difference-capacity curve will not be limited to this if they are 0.2 or less C 0.1 or 
more C, its calculation tops 0.1 C and 0.2C are simple, and they are desirable. [ of the tops ] 0. 
The condition of a cell may change with elements other than discharge (especially self- 
discharge) during a trial by discharge of less than 1 C taking huge time amount, in order to ask 
for this curve, and it is not desirable. Moreover, it becomes [ the hibernation after discharge is 



unstable and / the error of an electrical potential difference ] large in the big current rate 
exceeding 0.2C, and is not desirable. 

[0042] If a charging time^^e is furthermore made longer than 30 n^wjtes, it will lead to 
reduction of the number flnta, the fall of the dependability of an <^^ical-potential- 

difference-capacity curvet is unreliable on criteria will be caused, arait is not desirable. It 
becomes [ about the quiescent time, if it is less than 1 hour, will not result in stable hibernation, 
but / the error of an electrical potential difference ] large and is not desirable. 
[0043] By the cell capacity and the residue presuming method which become this invention, once 
setting to hibernation the alkaline battery (eel) used as a test objective, or two or more group 
cells which were connected to the serial, short-time discharge is carried out with a fixed current 
value, and change of the terminal voltage is measured. 

[0044] As for charge required for presumption, and a charging time value, it is desirable that it is 
1 or less second. Since the effect by the delay of diffusion of not only the internal resistance of 
a cell but the ion in the electrolytic solution comes to be strongly included in change of terminal 
voltage and this effect enlarges a judgment error in charge or the long time amount by which a 
charging time value exceeds 1 second, it is not desirable. 

[0045] When carrying out short-time charge for 1 or less second for presumption, as for a 
current value, it is desirable that it is the current rate of 0.05 or more C. 0. In the charging 
current of a small current rate, it becomes small greatly electrical-potential-difference changing 
the reading error of terminal voltage, increase of a presumed error will be caused, and it is not 
more desirable than 05C. 

[0046] Similarly, when carrying out short-time discharge for 1 or less second for presumption, as 
for a current value, it is desirable that it is the current rate of 0.5 or more C. 0. In the discharge 
current of a small current rate, it becomes small greatly electrical-potentiahdifference changing 
the reading error of terminal voltage, increase of a presumed error will be caused, and it is not 
more desirable than 5C. 

[0047] Terminal voltage Voc1 before charge or discharge It is desirable that it is the electrical 
potential difference for less than 2 seconds which a test objective eel or a group cell sets to 
hibernation and by which charge or discharge is started. Relation with the cell condition which 
the condition of a trial cell changed and carried out charge and discharge in the terminal voltage 
before exceeding 2 seconds, charge or discharge starting, becomes complicated and is not 
desirable. 

[0048] Moreover, terminal voltage Voc3 recorded after charge or discharge termination It is this 
better ** that it is an electrical potential difference for less than 2 seconds after charge or 
discharge termination. In the terminal voltage after exceeding 2 seconds, the condition inside a 
trial cell changes a lot, and it is Voc1. V2 Since relation becomes complicated and increase with 
error is caused, it is not desirable. 

[0049] The equipment which performs discharge possible capacity from a full charge condition, 
and residue presumption with the application of the cell capacity and the residue presumption 
approach of becoming this invention It consists of a computer which manages data, and a 
charge-and-discharge machine which controls the test condition of a cell. It is characterized by 
performing capacity of a trial eel or a group cell, and residue presumption according to the 
procedure of building the circuit or function calculated based on this cell capacity, the 
degradation judging type in the residue presumption approach, and an electrical-potential- 
difference-capacity curve (relational expression) in this computer, and indicating it above. 
[0050] Although an example of the construct of this capacity and residue presumption equipment 
is shown in drawing 3 , if the execution function of test control, data collection, cell capacity, and 
residue presumption is satisfied, a configuration will not be limited to this at all. 
[0051] Drawing_3 shows an example of the concept which has arranged the test objective eel or 
group cell of 1 to the testing device of 12. A testing device 12 consists of computers 3 which 
perform control of the charge-and-discharge machine 2 which performs activation of concrete 
charge and discharge in order to examine this trial cell 1, and this charge-and-discharge 
machine, storage, and record. 

[0052] The charge-and-discharge machine 2 consists of constant current load equipment 4, a 
constant current constant voltage power supply 5, and switches S1 and S2. Constant current 
load equipment 4 fluctuates a load so that the current supplied from the trial cell 1 may be 



maintained by the fixed set point The constant current constant voltage power supply 5 
operates as a constant current source, and after it reaches a programmed voltage, it operates as 
a constant voltage power Jmoply, until it reaches a programmed volt^^when charge and 
discharge are prescribed^Bxed time amount 

[0053] CPU6, charge-and^Uischarge control and data logging by whic^i computer 3 controls the 
whole trial, Others [ ROM /7 / by which the program of the degradation criterion type about the 
cell capacity and the residue presuming method of this invention or electrical-potential- 
difference-capacity relational expression (curve) is furthermore contained beforehand ], A 
judgment type is created with the procedure furthermore indicated from this criteria type to the 
above. It consists of the working-level month RAM 8 which performs capacity and residue 
presumption to this degradation judging type and electrical-potential-difference-capacity 
relational expression with the application of a test data and a printer 9, a keyboard 10, and a 
drop 1 1 that displays a charge-and-discharge condition and a test result 

[0054] According to the program stored in ROM7, CPU6 controls the constant current constant 
voltage power supply 5 of the charge-and-discharge machine 2, constant current load equipment 
4, a switch S1, and the whole equipment of S2**. The set point required for each characteristic 
test etc. is inputted by the keyboard 10. 

[0055] In a computer 3, controlling a trial in the conditions set up beforehand, data, such as 
temperature, humidity, and cell distortion, are measured and memorized to the terminal voltage 
of the trial cell 1, a current, and a pan with a predetermined time interval if needed, and it 
records on them further. Moreover, the calculation function which applies a criteria type to the 
obtained test data, creates a judgment type, presumes the discharge possible capacity from the 
full charge condition of a test objective eel or a group cell, applies to electrical-potential- 
difference-capacity relational expression, and performs residue presumption, and the property 
creation function which will plot a test data for every fixed time amount if still more nearly 
required are provided. 

[0056] The capacity and the residue presumption function of an alkaline battery which become 
this invention With the computer which calculates in order to carry out collection management of 
the test data and to calculate capacity and residue estimate according to the above-mentioned 
procedure, if required [ whether it consists of a discharge current controller which controls the 
test discharge conditions of this trial cell, or a charge-and-discharge controller, and ] Or if it 
extends and comes to carry the arithmetic circuit which performs the procedure of the cell 
capacity indicated above and the residue presuming method, or a function in an established 
computer and is required for it It is characterized by consisting of a discharge current controller 
or a charge-and-discharge controller, including in an existing non-cut [ the electric current ] off 
electric supply system and an existing rechargeable battery charge-and-discharge automatic 
test equipment, and giving the function [ **** / the former ] which, in addition, enables capacity 
of a test objective cell, and residue presumption. 

[0057] Therefore, as much as possible, this trial cell capacity and the residue presumption 
function which become this invention spoil existing equipment or the function of system original, 
or are not making it fall and perform capacity and residue presumption. 

[0058] The construct which gave the cell capacity and the residue presumption function which 
become this invention as an example to the non-cut [ the electric current ] off electric supply 
system is shown in drawing 4 . 

[0059] Drawing 4 shows an example of the non-cut [ the electric current ] off electric supply 
structure-of-a-system concept constituted by arranging the cell capacity which becomes this 
invention, and the computer control section of a residue presumption function inside a power 
converter, and connecting. 

[0060] In drawing 4 , the basic configuration of a non-cut [ the electric current ] off electric 
supply system is made with the trial eel of 1 or a group cell, the alternating current of 13 or DC 
power supply, the power converter of 14, and the load equipment of 15. The main conversion 
circuit 16 is carried in the power converter of 14, and the alternating current from a power 
source 13 or direct current power is changed. 

[0061] The cell capacity and the residue presumption function in this invention consist of 
switches 18 separated from a main circuit at the time of a computer 3, the constant current 
control circuit 17, and a trial. 



[0062] The computer 3 which constitutes the capacity and the residue presumption function of 
this invention CPU6 f test control and data logging which control the discharge for capacity and 
residue presumption, or tj^^hole charge trial, Others [ ROM /7 / b^^hich the program of the 
criteria type about the c^Bpacity and the residue presuming met^Bbf this invention and 
relational expression is furthermore contained beforehand 1 It consists of the working-level 
month RAM 8 which applies to a test data, creates a judgment type, performs capacity 
presumption, applies to electrical-potential-difference-capacity relational expression, and 
performs residue presumption with the procedure which furthermore indicated this criteria type 
above and a printer 9, a keyboard 10, and a drop 11 that displays a discharge condition and a 
test result A drop 1 1 can be attached also in the part which the operator of the wall surface of 
a power converter 14 other than this computer 3 tends to recognize in consideration of the 
convenience on use. 

[0063] In addition, if the function of capacity presumption which the construct shown in drawing 
4 is a strictly concrete example, and was mentioned above was held and it is equipped fully with 
the component, the configuration which gives this capacity presumption function to a non-cut 
[ the electric current ] off electric supply system or the other equipment will not be limited to 
this at all. 

[0064] Although an example explains the cell capacity and the residue presumption approach of 

becoming this invention below, this invention is not limited to these at all. 

[0065] 

[Example] While collecting the trickle single nickel-cadmium batteries (nominal capacity QB=4Ah) 
used for the [example 1] emergency light, the new article cell of isomorphism was purchased and 
internal resistance and capacity were evaluated. 
[0066] The carried-out trial is as follows. 

[0067] That is, each cell collected or purchased is installed in cell charge and discharge test 
equipment, and it charges with the current value of 0.1 CmA (400mA) for 16 hours, and 
discharges to 1.0V with the current value of 0.2CmA (800mA) after a 1-hour pause, and the 
pause of 1 hour is performed. By hibernation just before repeating this twice and starting the 3rd 
discharge, short-time discharge of 10msec(s) was performed with the current value of 1.0CmA 
(4000mA), and the magnitude of the electrical-potential-difference response was measured. The 
electrical-potential-difference response adopted the difference of terminal voltage just before 
carrying out short-time discharge and ending short-time discharge. The pause of 1 hour was 
placed after this short-time discharge, it discharged to 1.0V by the constant current of 0.2CmA 
(800mA), and this capacity was made into cell capacity. The value which **(ed) magnitude of an 
electrical-potential-difference response with the current value was made into internal 
resistance. 

[0068] In this way, if the capacity Q of each measured cell is plotted about the logarithm of 
internal resistance Z, good straight-line relation will be obtained, and it is the relation. Q=- 
1291xln(Z)+8490 (4) It became and this was made into the degradation criterion type. 
[0069] next, the trickle used as a test objective — AA — purchasing the new article of 3 eel 
serial pack (nominal capacity 600mAh) of a nickel-cadmium battery, the current value examined 
on the same conditions as the above except having set short-time discharge calculating 0.1 CmA 
(s) (60mA) for charge, and calculating discharge for 0.2CmA(s) (120mA) and internal resistance 
to 1.0CmA(s) (600mA), and calculated capacity QA =642 and internal resistance ZA =65.25. a 
basis [ values / these ] — multiplier a=-1291 of a degradation criterion type (4), and b= 8490 — 
amending — Q=a(QA/QB) ln(Z)+QA-a(QA/QB) In (ZA) =-174xln(Z)+1368 (5) a trickle — AA — 
the degradation judging type of 3 eel serial pack of a nickel-cadmium battery was obtained. 
[0070] After carrying out the above-mentioned trial and charging this cell pack by 0.1CmA(s) 
(60mA) for 16 hours, a pause is placed for 1 hour, and it is terminal voltage Voc1. After 
measuring, short-time discharge of 600mA and 10msec is carried out, and it is terminal voltage 
V2 just before discharge termination. It measured and internal resistance Z1 = (Voc1-V2) / 600 
were calculated like the above-mentioned approach. Then, after carrying out discharge for 30 
minutes (60mAh) by 0.2CmA (120mA), the pause of 2 hours is set, and it is terminal voltage 
Vocx. After measuring, short-time discharge of 600mA and 10msec was carried out again, 
terminal voltage Vx2 was measured, this was ended, and internal resistance Zx = (Vocx-Vx2) / 
600 were calculated like the above-mentioned approach. 



[0071] This 30-minute discharge, a 2-hour pause, and terminal voltage Vocx Actuation of 
measurement 10msec discharge, and terminal voltage Vx2 measurement was repeated until the 
electrical potential differej^at the time of discharge resulted in 3.0^1 .OV/cel). Shortly after 
discharge voltage resulte^Bb.OV (1.0V/cel) t discharge was ended, ^M: asked for internal 
resistance on the same conditions as the above after the pause of Z^rours. 
[0072] In this way, pause electrical potential difference Vocx just before choosing the data of 
four discharge conditions among the test datas for which it asked and carrying out each short- 
time discharge Internal resistance Zx From the above-mentioned QA=642 Q=QA {[ln(Z)+dV-e]/ 
(fV-g)} (3) (d, e, f, and g are a constant) constants d, e, f, and g — computing — Q=642 x {[ln(Z) 
+15.1V-11.3]/(0.15V-0.208)} (6) Another degradation judging type was created. This judgment 
type (6) Voc 1 < (Q/QA) 2.55 (VxO.853 eels) (7) When becoming, it decided to use it instead of 
the above-mentioned degradation judging type (5). 

[0073] Moreover, pause electrical potential difference Voc1 in each discharge condition that the 
terminal voltage in the discharge for which it asked by the above-mentioned trial results in 3.0V 
Relation with the total amount of discharge from a full charge and an electrical-potential- 
difference-capacity curve were plotted beforehand, and the basic data for the residue 
calculation shown in drawing 5 was obtained. 

[0074] Drawing 5 is the terminal voltage Voc1 of the cell pack which is the basic data used in 
order to presume the residue of this trial cell pack, and was examined as an example. When it is 
the value shown in drawing 5 , the value is applied to a curve, and it is the capacity Q1 from a 
full charge. It asks. A difference with the initial capacity QA, QrO=QA-Q1 (8) Let QrO be a 
residue in the case of non-deteriorated elegance. Moreover, this residue 100x (QrO/QA) (9) It 
can carry out and percent can also show. 

[0075] In this way, capacity of the collected trickle single nickel-cadmium-battery pack (3 eel 
serial, nominal capacity 600mAh) and residue presumption were performed based on the basic 
data of the obtained degradation judging type (5), (6), and electrical-potential-difference- 
capacity. 

[0076] It charges by 0.1CmA(s) (60mA) first for 16 hours, and the collected cell pack places the 
pause of 1 hour. Terminal voltage Voc1 After measuring, short-time discharge of 10msec(s) is 
performed by 1.00mA (600mA), and it is the electrical potential difference V2 in front of 
discharge termination. It measures and internal resistance Z=delta V/I= (Voc1-V2) / 600 are 
calculated. 

[0077] It is open-circuit voltage Vocl at 0.2CmA (120mA) after stopping this cell pack for 2 
hours. It discharges until it becomes under 3.75V (1.25V/cel) more than 3.60V (1.20V/cel). 
Terminal voltage Voc1 and internal resistance Z are measured in the same procedure as the 
above after the pause of 1 hour. 

[0078] It is open-circuit voltage Voc1 at the current value of 0.2CmA (120mA) after stopping for 
further 2 hours. It discharges until it becomes under 3.60V (1.20V/cel) more than 3.30V 
(1.10V/cel), and they are after a 2-hour pause and terminal voltage Voc1 similarly. Internal 
resistance is measured. 

[0079] In this way, measured terminal voltage Voc1 Internal resistance was substituted for a 
degradation judging type (5) or (6) in consideration of relational expression (7), and the discharge 
possible capacity Q from a full charge was computed. 

[0080] Furthermore, this trial cell pack discharges to terminal voltage 3.0V (1.0V / eel) by 
0.2CmA (1 20mA), calculates the total capacity from a full charge, and is the observation capacity 
Qm about this. It carried out. the presumed capacity Q and observation capacity Qm from — 
Err=100x (Q-Qm)/Qm (10) It computed and this was made into Error Err. 
[0081] A result is shown in drawing 6 . 

[0082] Drawin g 6 is drawing to the discharge possible capacity from the surveyed full charge 
condition having shown the error searched for with the relation of the above (10). In drawing 6 , a 
white round head is as a result of [ of the trial cell pack in a full charge condition ] measurement, 
and a rectangular head is terminal voltage Voc1. It is as a result of [ of the trial cell pack in the 
discharge condition below more than 3.60V3.75V ] measurement, and a black dot is terminal 
voltage Voc1. It is as a result of [ of the trial cell pack in the discharge condition below more 
than 3.30V3.60V ] measurement 

[0083] Compared with the capacity which surveyed discharge possible capacity from the full 



charge presumed by the approach of becoming this invention, it turned out to all the capacity 
(degradation condition) of the cell pack used as the measuring object that they are less than 
**15% of errors, and a go^Laresumed precision so that clearly [ Hra^ng fi ]. 
[0084] Furthermore, tern^^voltage Voc1 The residue QrO obtaine{M)m the relation of the 
electrical-potential-difference-capacity which applied to the electric^potential-difference- 
capacity curve (relation) which shows a value to drawing 5 , and was shown in above-mentioned 
drawing 5 by (8) types, the presumed capacity Q from a full charge which can be discharged and 
the initial capacity QA which were obtained by a degradation judging type (5) and (6) at this from 
— Qr =QrO (Q/QA) (11) The residue of a trial cell was presumed. It compares with the 
observation residue Qrm which measured this by the approach shown above. Err (r) =100x (Qr- 
Qrm)/Qrm (12) It carried out and the error was searched for. 

[0085] A result is shown in drawin g 7 . D rawing 7 is the error Err of the presumed residue 
calculated by (12) formulas to an observation residue about the three cell pack in an examined 
different degradation condition (r). A result is shown. 

[0086] As shown in drawing 7 , each presumed residue measured in the state of discharge was 
less than **10% of error compared with the actual measurement, it was highly precise and the 
approach of becoming this invention showed that it could presume a residue. 
[0087] The result of the cell pack examined in the [example 2] example 1 is used, and it is the 
terminal voltage Voc1 in each discharge condition. Judgment precision of the discharge possible- 
capacity presumption Q from a full charge for which it asked from the degradation judging type 
(5) in an example 1 and (6) was examined. 

[0088] Terminal voltage Voc1 of the trial cell pack used as the criteria for use of food additives 
of a degradation judging type (6) Capacity QA of non-deteriorated elegance Relation with the 
presumed capacity Q calculated from the degradation judging type (5) J=Voc1 (Q/QA) (13) The 
value was changed and the magnitude of a judgment error was investigated. 
[0089] A result is shown in drawing 8 . 

[0090] Drawing 8 shows the error range to the value J calculated by the formula (13) which is 
the decision criterion which uses the degradation judging type (6) shown in the above-mentioned 
example 1. 

[0091] It turned out that the error over the observation capacity of presumed capacity when the 
value of J uses a degradation judging type (6) less than by 2.55 becomes small compared with 
the case where the value of J uses a ** (6) type or more by 2.55, and capacity presumption is 
attained in a good precision so that clearly from drawing 8 . 

[0092] a [example 3] trickle — AA — the electrical-potential-difference-capacity curve was 
created in order to presume the residue of a nickel cadmium eel (nominal capacity 600mAh). 
[0093] Once charging this by 0.1CmA(s) (60mA) about non-deteriorated elegance 10 eel of a 
test objective for 1 6 hours, The open circuit terminal voltage Voc is recorded, and it discharges 
on the conditions which show this to drawing 1 1 , sets to hibernation, and is the open circuit 
terminal voltage Vocx to the last of relaxation time. It records. It is made to discharge on the 
same conditions again, this is repeated to the electrical potential difference not more than 1.0V, 
and they are Voc and Vocx. It plotted to every charging time value (discharge capacity). 
[0094] a trickle — AA, while presuming the discharge possible capacity from a full charge 
condition like an example 1, after collecting 100 eels (nominal capacity 600mAh) of nickel 
cadmium eels and charging by the current rate of 0.1 CmA (60mA) for 16 hours It is the open 
circuit terminal voltage Voc1 like an example 1. Ten every eels each are applied to the above- 
mentioned electrical-potential-difference-capacity curve which created the presumed capacity 
Q about each non-deteriorated elegance eel, and it is a residue Qr. While presuming, the 
observation residue Qrm was also calculated collectively. (12) By the formula, the presumed 
error was computed and the maximum of the absolute value was shown in draw ing 1 1 . 
[0095] The current rate of 0.1 CmA (60mA) and 0.2CmA (120mA) and the time amount of each 
discharge had [ the conditions of the discharge which creates an electrical-potential-difference- 
capacity curve ] 0.5 or less desirable hours, and the quiescent time after each discharge was 
understood that it is desirable that it is 1 hours or more so that clearly from the maximum of the 
absolute error shown in drawing 1 1 . 

[0096] five trickles same with having used for the [example 4] example 1 — AA — the nickel- 
cadmium-battery pack (3 eel serial) new article was purchased, and the degradation judging type 



was drawn from the degradation criterion type (4) for which it asked in the above-mentioned 
example 1. 

[0097] That is, after charguM^ this cell pack by the current rate of O.ICmA(s) (60mA) for 16 
hours and stopping for 1 (^B it discharges to 3.0V (1.0V/cel) by th^^rent rate of 0.2CmA 
(1 20mA) t and a pause is pefformed for 1 hour. This charge and dischl^e were repeated twice, 
and it charged and stopped on the still more nearly same conditions. Before discharging, it is 
terminal voltage Voc1. Terminal voltage V2 just before measuring, and only the time amount t 
shown in drawing 1 2 carrying out short-time discharge by current value I.OCmA (600mA) and 
ending this discharge It measured. After setting the pause of 1 hour, it discharges to 3.0V by the 
current rate of 0.2CmA (120mA), and it is capacity QA from this discharge. It asked. Internal 
resistance ZA It asked from ZA = (Voc1-V2) / 600. Based on these values, the value which 
amends multiplier a=-1291 of a degradation criterion type (4) and b= 8490, and shows multiplier 
a of a degradation judging type (2) and b' to decision and drawing 1 2 by the following formulas 
was acquired. 
[0098] 

a -a (QA/QB) (14) b -QA-a(QA/QB) In (ZA) (15) After that, this cell pack was charged by the 
current rate of 0.1CmA(s) (60mA) for 16 hours, and it stopped for 1 hour. Then, terminal voltage 
Voc1 Terminal voltage V2 just before measuring, and only the time amount t shown in drawing 12 
carrying out short-time discharge by current rate I.OCmA (600mA) and ending this discharge It 
measured. After setting the pause of 1 hour, it discharged for 30 minutes by the current rate of 
0.2CmA (120mA), and the pause of 2 hours was set. Open-circuit voltage [ in / if a pause is 
completed for 2 hours, terminal voltage will be measured, and / depth of discharge x ] Vocx It 
carried out And operation and terminal voltage Vx2 were again measured for short-lime 
discharge of these conditions, and short-time discharge was ended. 

[0099] They are discharge, a 2-hour pause, and terminal voltage Vocx for these 30 minutes until 
the terminal voltage under discharge reaches 3.0V (1.0V/cel). The procedure of measurement, 
short-time discharge, and terminal voltage Vx2 measurement was repeated. Vocx in each of 
such depth of discharge x Zx =(Vocx-Vx2)/I and capacity QA from — the value which shows the 
multipliers d, e, f, and g of another degradation judging type (3) to decision and drawing 12 R> 2 
was acquired. 

[0100] thus, the trickle collected based on two created degradation judging types — AA — it 
applied to the judgment type created from each non-deteriorated elegance ten every packs each 
about nickel-cadmium-battery pack (3 eel serial, nominal capacity 600mAh) 50 pack, and 
capacity presumption and actual volumetry were performed like the example 1. 
[0101] A result is shown in drawing 1 2 . namely, the presumed capacity Q and the observation 
capacity Qm which were measured to drawing 12 from — the max of the absolute value of the 
acquired error is shown and the short-time charging time value t became clear [ that capacity 
presumption with it can be performed ] in 1 or less second. [ a small error and ] [ highly precise ] 

[0102] five trickles same with having used for the [example 5] example 1 — AA — the nickel- 
cadmium-battery pack (3 eel serial) new article was purchased, and the degradation judging type 
was drawn from the degradation criterion type (4) for which it asked in the above-mentioned 
example 1. 

[0103] That is, after charging this cell pack by the current rate of 0.1CmA(s) (60mA) for 16 
hours and stopping for 1 hour, it discharges to 3.0V (1.0V/cel) by the current rate of 0.2CmA 
(120mA), and a pause is performed for 1 hour. This charge and discharge were repeated twice, 
and it charged and stopped on the still more nearly same conditions. Before discharging, it is 
terminal voltage Voc1. Terminal voltage V2 just before measuring, and 10msec's carrying out 
between short-time discharge with each current value I shown in drawing 1 3 and ending this 
discharge It measured. After setting the pause of 1 hour, it discharges to 3.0V by the current 
rate of 0.2CmA (120mA), and it is capacity QA from this discharge. It asked. Internal resistance 
ZA It asked from ZA =(Voc1-V2)/I. Based on these values, the value which amends multiplier 
a=-1291 of a degradation criterion type (4) and b= 8490, and shows multiplier a of a degradation 
judging type (2) and b f to decision and drawing 13 by the following formulas was acquired. 
[0104] 

a'=a (QA/QB) (14) b -QA-a(QA/QB) In (ZA) (15) After that, this cell pack was charged by the 



current rate of 0.1CmA(s) (60mA) for 16 hours, and it stopped for 1 hour. Then, terminal voltage 
Voc1 Terminal voltage V2 just before measuring, and 1 0msec s carrying out between short-time 
discharge by each currenJ^te shown in drawing 13 and ending this jjjfcharge It measured. After 
setting the pause of 1 hol^t discharged for 30 minutes by the curr^^ate of 0.2CmA (120mA), 
and the pause of 2 hours was set Open-circuit voltage [ in / if a pause is completed for 2 hours, 
terminal voltage will be measured, and / depth of discharge x ] Vocx It carried out And operation 
and terminal voltage Vx2 were again measured for 10msec short-time discharge, and short-time 
discharge was ended. 

[0105] They are discharge, a 2-hour pause, and terminal voltage Vocx for these 30 minutes until 
the terminal voltage under discharge reaches .3.0V. Measurement 10msec short-time discharge, 
and terminal voltage Vx2 measurement were repeated. Vocx in each of such depth of discharge 
x Zx =(Vocx-Vx2)/I and capacity QA from — the value which shows the multipliers d, e, f, and g 
of another degradation judging type (3) to decision and dr awin g 13 was acquired. 
[0106] thus, the trickle which used and collected the charge and discharge test equipment which 
possesses the capacity and the residue judging function which is shown in drawing 3 , and which 
becomes this invention based on two degradation judging types which created — AA — ten 
every packs applied to the degradation judging type which created from each sheep degradation 
article like an example 1 about nickel-cadmium-battery pack (3 eel serial, nominal-capacity 
600mAh) 50 pack, and capacity presumption and actual volumetry carried out 
[0107] A result is shown in drawing 13 . namely, the presumed capacity Q and the observation 
capacity Qm which were measured to drawing 13 from — the max of the absolute value of the 
acquired error is shown and it became clear that the current value of 10msec short-time 
discharge can perform capacity presumption with it [ a small error and ] [ highly precise in 0.5 or 
more CmAs ] 

[0108] five trickles same with having used for the [example 6] example 1 — AA — the nickel- 
cadmium-battery pack (3 eel serial) new article was purchased, and the degradation judging type 
was drawn from the degradation criterion type (4) for which it asked in the above-mentioned 
example 1. 

[0109] That is, after charging this cell pack by the current rate of 0.1CmA(s) (60mA) for 16 
hours and stopping for 1 hour, it discharges to 3.0V by the current rate of 0.2CmA (120mA), and 
a pause is performed for 1 hour. This charge and discharge were repeated twice, and it charged 
and stopped on the still more nearly same conditions. Before discharging, it is terminal voltage 
Vocl. Terminal voltage V2 just before measuring, and 10msec's carrying out between short-time 
charge with each current value I shown in drawing 1 4 and ending this charge It measured. After 
setting the pause of 1 hour, it discharges to 3.0V by the current rate of 0.2CmA (120mA), and it 
is capacity QA from this discharge. It asked. Internal resistance ZA It asked from ZA =(V2- 
VocD/L Based on these values, the value which amends multiplier a=-1291 of a degradation 
criterion type (4) and b= 8490, and shows multiplier a' of a degradation judging type (2) and b 1 to 
decision and drawing 14 by the following formulas was acquired. 
[0110] 

a'=a (QA/QB) (14) b'=QA-a(QA/QB) In (ZA) (15) Terminal voltage Voc1 of this after that and 
cell pack Terminal voltage V2 just before measuring, and 10msecs carrying out between short- 
time charge by each current rate shown in drawing 1 4 R> 4 and ending this charge It measured, 
the current rate of 0.1 CmA (60mA) after setting the pause of 1 hour — 1 hour — charging — 1 
hour — it stopped. Open-circuit voltage [ in / if a pause is completed for 1 hour, terminal 
voltage will be measured, and / the charge condition X ] Vocx It carried out. And operation and 
terminal voltage Vx2 were again measured for 10msec short^time discharge, and short-time 
discharge was ended. 

[0111] They are this 1-hour discharge, a 1-hour pause, and terminal voltage Vocx until the total 
time amount of charge reaches in 16 hours. Measurement, 10msec short-time charge, and 
terminal voltage Vx2 measurement were repeated. Vocx in each of these charge conditions X Zx 
=(Vx2-Vocx)/I and capacity QA from — the value which shows the multipliers d, e, f, and g of 
another degradation judging type (3) to decision and drawing 14 was acquired. 
[0112] Thus, the charge and discharge test equipment possessing the capacity and the residue 
judging function which applied two created degradation judging types, which are shown in drawing 
3 and which become this invention is used. Nickel-cadmium-battery pack (3 eel serial, nominal 



capacity 600mAh) 50 pack ten packs [ every ] each is applied, the collected trickle — AA — 
The same procedure as an example 1 performed capacity presumption and actual volumetry 
except performing short-^^ charge with the value which a curren^gte shows to drawing 1 4 
instead of the short-timJMcharge shown in the example 1. i^m 
[01 13] A result is shown in drawing 14 . namely, the presumed capa^ty Q and the observation 
capacity Qm which were measured to drawing 14 from — the max of the absolute value of the 
acquired error is shown and it became clear that the current value of 10msec short-time 
discharge can perform capacity presumption with it [ a small error and ] [ highly precise in 0.05 
or more CmAs ] 

[01 14] five trickles same with having used for the [example 7] example 1 — AA — the nickel- 
cadmium-battery pack (3 eel serial) new article was purchased, and the degradation judging type 
was drawn from the degradation criterion type (4) for which it asked in the above-mentioned 
example 1. 

[01 15] That is, after charging this cell pack by the current rate of 0.1CmA(s) (60mA) for 16 
hours and stopping for 1 hour, it discharges to 3.0V by the current rate of 0.2CmA (120mA), and 
a pause is performed for 1 hour. This charge and discharge were repeated twice, and it charged 
and stopped on the still more nearly same conditions. 2 seconds before discharge starting, it is 
terminal voltage Voc1. Terminal voltage V2 just before measuring, and 10msec's carrying out 
between short-time discharge by the current rate of LOCrnA (600mA) and ending this discharge 
It measured. After setting the pause of 1 hour, it discharges to 3.0V by the current rate of 
0.2CmA (120mA), and it is capacity QA from this discharge. It asked. Internal resistance ZA It 
asked from ZA =(V2-Voc1)/I. Based on these values, the value which amends multiplier a=-1291 
of a degradation criterion type (4) and b= 8490, and shows multiplier a of a degradation judging 
type (2) and b' to decision and the following by the following formulas was acquired. 
[0116]-174=a(QA/QB) 
1368=QA -a(QA /QB )ln(ZA ) 

Then, this cell pack was charged by the current rate of 0.1CmA(s) (60mA) for 16 hours, and it 
stopped for 1 hour. Then, it is terminal voltage Voc1 2 seconds before discharge starting. 
Terminal voltage V2 just before measuring, and 10msec's carrying out between short-time 
discharge by the current rate of LOCrnA (600mA) and ending this discharge It measured. After 
setting the pause of 1 hour, it discharged for 30 minutes by the current rate of 0.2CmA (120mA), 
and the pause of 2 hours was set Open-circuit voltage [ in / if a pause is completed for 2 hours, 
terminal voltage will be measured 2 seconds before / next / discharge starting and / depth of 
discharge x ] Vocx It carried out And operation and terminal voltage Vx2 were again measured 
for 10msec short-time discharge, and short-time discharge was ended. 

[01 17] They are discharge, a 2-hour pause, and terminal voltage Vocx for these 30 minutes until 
the terminal voltage under discharge reaches 3.0V. Measurement, 10msec short-time discharge, 
and terminal voltage Vx2 measurement were repeated. Vocx in each of such depth of discharge 
x Zx =(Vocx-Vx2)/I and capacity QA from — the multipliers d, e, f, and g of another degradation 
judging type (3) — decision — d= 15.1, e=-11.3, f= 0.15, and g= 0.208 were obtained, 
respectively. 

[0118] thus, the trickle collected based on two created degradation judging types — AA — 
terminal voltage measurement was carried out to the predetermined time amount before short- 
time discharge about nickel-cadmium-battery pack (3 eel serial, nominal capacity 600mAh) 10 
pack, and also capacity presumption and actual volumetry were performed like the example 1. 
[01 19] A result is shown in drawing 9 . That is, in drawing 9 , it is terminal voltage Voc1. It is 
drawing having shown the relation of the time amount and error range which measured before 
short-time discharge starting, the presumed capacity Q and the observation capacity Qm which 
were measured so that clearly from drawing 9 from — when the acquired error carried out 
terminal voltage measurement for less than 2 seconds before short-time discharge starting, it 
turned out that an error becomes small and can perform highly precise capacity presumption 
compared with the case where terminal voltage is measured by the time amount exceeding 2 
seconds before initiation. 

[0120] five trickles same with having used for the [example 8] example 1 — AA — the nickel- 
cadmium-battery pack (3 eel serial) new article was purchased, and the degradation judging type 
was drawn from the degradation criterion type (4) for which it asked in the above-mentioned 



► example 1. 

[0121] That is, after charging this cell pack by the current rate of 0.1CmA(s) (60mA) for 16 
hours and stopping for 1 l^r, it discharges to 3.0V by the current rate of 0.2CmA (120mA), and 
a pause is performed for^Bur. This charge and discharge were rei^^d twice, and it charged 
and stopped on the still more nearly same conditions. Next, terminalTOitage V2 just before 
10msec carries out between short-time discharge and ending this discharge by the current rate 
of 1.0CmA(s) (600mA) It measures and is the terminal voltage Voc3 at the time of this 2-second 
progress after discharge termination. It measured. After setting the pause of 1 hour, it 
discharges to 3.0V by the current rate of 0.2CmA (120mA), and it is capacity QA from this 
discharge. It asked. Internal resistance ZA It asked from ZA =(V2-Voc1)/I. Based on these 
values, the value which amends multiplier a=-1291 of a degradation criterion type (4) and b= 
8490, and shows multiplier a of a degradation judging type (2) and b' to decision and the 
following by the following formulas was acquired. 
[0122] -174=a(QA /QB ) 
1370=QA -a(QA /QB )ln(ZA ) 

Then, this cell pack was charged by the current rate of 0.1CmA(s) (60mA) for 16 hours, and it 
stopped for 1 hour. Then, terminal voltage V2 just before 10msec carries out between short- 
time discharge and ending this discharge by the qurrent rate of LOCrnA (600mA) It measures 
and is the terminal voltage Voc3 at the time of this 2-second progress after discharge 
termination. It measured. After setting the pause of 1 hour, it discharged for 30 minutes by the 
current rate of 0.2CmA (1 20mA), and the pause of 2 hours was set. Open-circuit voltage [ in / if 
a pause is completed for 2 hours, operation and terminal voltage Vx2 will be again measured for 
10msec short-time discharge, short-time discharge will be ended, and terminal voltage is 
measured by progress for after / termination / 2 seconds, and / depth of discharge x ] Vocx It 
carried out 

[0123] They are discharge, a 2-hour pause, 10msec short-time discharge, terminal voltage Vx2 
measurement, and terminal voltage Vocx for these 30 minutes until the terminal voltage under 
discharge reaches 3.0V. Actuation of measurement was repeated. Vocx in each of such depth of 
discharge x Zx =(Vx2-Vocx)/t and capacity QA from — the multipliers d, e, f, and g of another 
degradation judging type (3) — decision — d= 15.0, e=-11.4, f= 0.15, and g= 0.210 were obtained, 
respectively. 

[0124] thus, the trickle which used and collected the charge and discharge test equipment 
possessing the capacity and the residue judging function which applied two created degradation 
judging types, which are show in drawing 3 , and which becomes this invention — AA — carried 
out terminal voltage measurement by the predetermined time progress after short-time 
discharge termination about nickel-cadmium battery pack ( 3 eel serial, nominal capacity 600 
mAh) 10 pack, and also capacity presumption and actual volumetry carried out like an example 1. 

[0125] A result is shown in drawing 10 . That is, drawing 10 is terminal voltage Voc3. It is drawing 
having shown the relation of the predetermined time of day after short-time discharge 
termination and error range which measured. 

[0126] the presumed capacity Q and the observation capacity Qm which were measured so that 
clearly from drawing 1 0 from — the acquired error — terminal voltage Voc3 for less than 2 
seconds after short-time discharge termination the time amount which exceeds 2 seconds after 
termination when measuring — terminal voltage Voc3 It turned out that an error becomes small 
and highly precise capacity presumption can be performed compared with the case where it 
measures. 
[0127] 

[Effect of the Invention] As stated above, according to this invention, the discharge possible 
capacity from a full charge condition and a residue will be comparatively highly precise in a short 
time, it can presume, a raise in reliance of backup power supplies, such as a non-cut [ the 
electric current ] off electric supply system, and efficient maintenance implementation can be 
expected, and a big contribution will be achieved. 
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( 24 ) 
( 25 ) 



(26) 



III * 



iii ) — a 



(27) 



( 28 ) 



( 29 ) 



( 30 ) 



*<19K*(20)*3*(13) l,ZttAlX±.m 
fcflSa ( 2 ) *. 
[0027] U>Lfr#4>, JJB&ftWfe* ( 2 ) f±& 

ZtlltifazfjkUzm 1 CJ:oTB^K'f)4. 
[00 28] -t&;b*> . HI fcfcv vf . SMbWUfr Lfc 
&ft8SJt7 0%. fcJ:U i: 6 0%c7)§»com?l!!X1i, Jfc 



■C<*. «r(c. HS088mJEVoc# 1.20 VUTKfc* 

(2) fimm^imxhi. 

[0029] ZZT±.im%.5H ( 2 ) fcffcbftSMtPUS 

at it. pmmzbm®tmi£v>x'$iztiz,m. 



*#jfctffco*iT . «Eie^^# $ A v#*$ < & o 

Q=Q fl { [In (Z) +dV-e] / ( f V-g) ! (3) 
(d, e, f, gttjgft) 

[00 30] ±IE^fc*i]i6* ( 3 ) !iH 1 t,zm& jafcd . e . f . gtt. &Nfc*f*-t:/k- . £>4 vKigffit 



(6) H2 000-6793 
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*a»a»&*fcfc««Q, #»4>Q = Q A £: LT (3)5*i 

[0031] WTtc±fB^-ft¥'j^ ( 3 ) vmm-mk 

WW*. 

[0032] iejs¥ a vcotmt misiftWEv t <nm 

I n (Z) — j V+k 
(31) rtfciJUT, OK J tJil/kJ±«fto*fl:ft. 
-f&;b*>Q/Q A (Q fl (i&Hag*) fciS»W£flc# 
j — f (Q/Q A ) +d 

k = -g (Q/Q A ) +e 
fc^S, ( 32) , (3 3) & 



[ 0 0 3 3 ] H 2 fcfewc . 2-1 U&fJCgftJt I 0 0 
Vtf)Wfi6£* LfcUftT* Os 2 - 2 Un 9 0 

(Dimx-h *), 2 - 3 (iR 8 o %<&§&nW8re$> o , 

2 - 4 7 0 X^i^OlIlT* 0 . 2 - 5 «R 6 0 
[ 0 0 3 4 ] flgoT . i*)MaZ fc|«&?EEV ?>|g| 

tettJaT^W^jM&flW*. • 

[0035] 

(31) 

U 



(32) 



(33) 



(31) KftA-f* £ . 



In (Z)=-[-f <Q/Q A ) +d] V + [-g (Q/Q A ) + e] 

( 34 ) 

(Q/Qa ) -dV + 8 (35) 

£J:oTJ§5£t*^£«^*fctf>fc^-$-*1EE- 



1 n (Z) = ( f V-g) 
( 3 5 ) Si 9±iB£tt¥'J£S ( 3 ) £ . 

[0036] KH££ ( 3 ) (C. PBHIffiftEVocl N i 
fcfcttVoc3 rtaJJSJSZ, *fcliZ' fcS-fULT 

*. 

[0037] £<ffcfflS&£ ( 3 ) ( 2 ) tftffcb 1 } 

flWifcffii, KIBWHs/k **Wiffl««*>SHliiB 

«EVocl . £fc(iVoc3 fc. 3Wfc«fiG* (2) fcfflu 

I. *£it$><V£M. Q A i: WffitfUSfcr - ^ L 
T 

Vocl (Q/Q A )<0. 8 5X (-b/HR) 

Voc3 (Q/Q A ) <0. 8 5x (-k;Hft) 

-hlBJt^O. 85x <-fe/HR> J3Lh 
tfHIfrfcjlMISH** (3) ^ffl^St. ^-ftfiJ^ 
( 2 ) «t Oti^flOlfiH*^^ <^rotLi 5«£#«> 

[0038] **W(C«r4*ife , Cli, Cl^J: dtcLTSf 

[0039] t&;b*>. ±iScO®B#|^3tm, fc* Wi» 
«*mW41»0«:±«W)J|ff«EVocl . J>*UiH 
iteia«*±i^)4SHPlSEVoc3 fobfrttbiHtihX 

a a p^SfiQ A t*»<s>. 81ft (SdE»n#fa) Qr £ 
Qr =QrO (Q/'Q A ) 



sir ^ l 0 . 2 c ^m^-e 3 0 ^xv^-immxim 

HlsII&4S7-«E Vox£iE» LT , Etf p3Mfett-a&€3 

int 1 . 0 vtiT^>«E* xm mix v 0 t v 
ox t r . ( a®§* ) r t (era v h 

6. 

[ 0 0 4 0 ] fcfc. cti, a«^5E€«1SfltOA* $ 

^^•r 1 ooet* as . p*r B i$i: ^ a %t-ftm> n . n 

«?i!i^^SSft(^^ft) ^CiltSvl..: M 
itf. lCfc^a**. HMBTJW«ri»7f*lB«II 

mumz^-t. ^ts^a* { 1 a h <omm<7)m£ , 1 x 2 

= 2A(7)«S€-Cft«Ufc;i:t:=3rS. 0. 2Ctml 
(i\ 0 . 2X2 = 0. 4 A^m^fiT'ttmL . JlfLfi 5 
BMittm (K€(C5D#ra1*^l.) tZ^S. C (Ci>ft?? 

[004 1] ±E«E-*«iBill«r*»&<:«>^)tWl* 
mi. 0. 2 GOTO. ICMjLX'foixtfZixwm* 
tlhZt (i^V W. *a± 0 . 1 C , 0 . 2 C fr'fSHt x- 
*01ffiH-\ 0. lC5fe8l^)tt«t'U. lltllj^r^ 
!> fctf>C»*£B$IS!£B L . ^og^cftm^m^ 

tttt9i»koK» (mz&eMm) x-mtixito-sjm 

[004 2] $ o(Cftm^R5]* 3 0 ft£ ') JI < t6 > . 
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[0043] *^Hj3t^rl,«?ttS*^J:VBft*^ffiT' 
[0045] 1 #OTcOMBtP B l5Em^»S 

ssseuo . o 5 cj^Lh^aasT-ft-s. <r t 

ifimt b\\ 0 . 0 5 C J: 9 /Jn§ ^Vfi&OXXMffiX 

-5"CJ(lj£ift£<Ditt**JB< i Off* U< sfirv^. 
[0046] ENRfc. ade«fcft(£ 1 »£lT^JBPSiatt 

nzmmt&%r£. mmmto. 5cy±<r>wmxh 
zzttftt-tiw o. 5C£V)'hz^n%imco%.nm 
a-c««flscfb^'h§ < s»?«Etf>tt#K o tana*** 

< fro TJtJ£lftgtf>**£iB< d t fcfc D*?4 L< =5: 
[ 0 0 4 7 3 3£H. ft* WiSHIffiflJSTeEVocl {i 

tmzu\ urn. bh\*m*mk<?>2mmx-z> 
fr^. 

[ 0 0 4 8 3 4 £ , ft*, ft 6 1 *tt;ftttK7»fciB»$ 
*ll>ffi7€EVoc3 (43E1L fc*V*tt*W*7«2fM3l 
rt<7)« Ef ft S C t ifiZ co £ I . n . 2 f££ Hi ft*)JB 

v\ voci ^v2 tmmm&ttciximm** 
[0049] *mi£%hmtmR*5i:ir®ffi&i}m 

& . & j; v'se - ( ra^ > £ 1 1 cat jw- & 
fettsffigs-sa y ti - 9 \,zpm Lx.tmz.im 

[0050] f^ftfcil^fiMSSE^ffifiKlI&O- 
W£I13K:tW. BftHUttl. r-^ltxm. I^ftfc 



filclRSESfl* i><9Tlifrir>. 
[0051303 Jil £)§flB*t&-fe^ . ft & k ><iffll:>l!! 

1 2<Dmmmmzffiwum&nHm^if2hn 
tc*fwwr*«, m.mcomiim oxmsi 21. z<d 

[00523 &ft«»2ti. ^ssft^i4 ts*a 

S«E1MB5 . 7f S 1 , S 2 *><3flKKS 

<tT^4. S«Siit^a4{i. l5S:@IS«!llA^^§ 
<i&«SS*<-Sw|ft€tt(att»§*L4 J; o lzm*%ZW) 

^h^<r>xhh. ^.m^mEmwsimm. tmv 
-^mfflxMfeztLX^&i%£(,zmfcmmzmt& £ 
•cola, jeiaakLriMPL. is?rsE(cjiL^ftti 

[00 5 33 3>-ti-^3ii. KlbH4c$Millt£C 

-S*Mf^ (dsn) ^7"ni?-7A^ft4>^t:ftJ[Xirt$ 

^ i. r o m 7 , $ t> fcimmftfr $> iMnz^xt 

Ltz mmz X otfl^S H«L. i^-ftMS&Si: < 

— h 1 0 . ^a^^R^Msoittims-ii^-tsis^s 1 1 

[00543 ROM7 tzt&tt $ tlX V 7 n / 7 A(c 6£ 
oT. CPU6* i '3f£St«S2^m«5EmE^j®5. 56 
<8Mffi%l4 .MvfSl, s 2 . ^S±f*e»J 

K10tJ:-5-CA73$iil). 

[00 553 3yt°^-^3(^V^T{i, ft4>*»t*R 

i&titz^z&^xwmmmz'n^tctfh . t^m 

« 1 €E . 1K8S . $ ^> K«&Sfc:a> t T ffiS . & 

s. . iKaaiA^ fc'^T- ^ *Bf«<Di»f raiBiiat-iBiiE i . 

S^'JilfflL. fJj«5i:*ff*LTteBW«-t^. ft* 

[00563 w$mztiiZ>Tivi] 'mm^m&t-ixu 
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«OS**JJ:lf«Jlltse*i'riBfc:^4lltttft41-4C: 
[ 0 0 5 7 ] *5Mfl(c=5rSKKiMKl!!S*tiJ: 

tfs*jtjg*tgii, rfc***^ se#3§s, <54nt4y 

[ 0 0 5 8 ] -mt UT*fWBtf*^rAt*»Wfc: 
[ 0 0 5 9 ] 04 (4*f&Wc&4^£*&4l/$;Kf 

[0060] H4fc*5^T, l^tSlfc-b^, *4Witt 

A0>g:#ftac££LTv*4. l4tf>«*S888iIrtfc: 

[006 1 ] *»C:fc(t4Ms*B iiflsutsaa 
ffitt, n> ta-^ 3 ££«MiP[II& 1 7 ta»i$fc: 

[0062] *mm®m&±unm.m%.mffimfct 
% s v 4i%<tfiR^flc£ mw-th c p u 6 . l«j 

srjjetcias itzmmx oxta*?- 9 mm im 

ixmB.mfe*'ffoimMRAM8. hxx/tw? 
9. 0, Mcm^m^mm^^mtim 

Q = -l 29ixln (Z) + 

[0069] <Wc, Kgfett*fc&& h V 
)\>i] K $ ^J*WtiL<n3±MLW*<v 9 <4&ffc8*6 0 0 
m A h ) WnSlAU «SMK*%t£ 0 . 1 C m A 
(60mA) , JMWrO. 2 C m A ( 1 2 0 m A ) . f«j 
Q=a (Q A /Q B ) In (Z) 
= -174Xln (Z) +13 
3:4 h U ? «y K 5 Afcifttf) 3 -t/HtJiJ 

[0070] mm&m& itzm. mmm^v ? * 

0. lCmA (6 0mA) •C16B«8Efc*U:flL 1"* 
l3K4cih€ra» flSHFUBEVocl ZMfeLXfrh. 6 0 0m 
A , 1 0 m s e c <0«l«iatt1K^^tfe L , Kcm^TitBti 



4««iBWfH»«B»L^M-^*iat:tK ') ft(+4 : 
4. 

[ 0 0 6 3 ] $ris. 04 fc* Ufc«Wt»«J A < 4 •;■ ft 

h 4 v ^4* W^h<^6l{IfcRS!JlftS«88*ft4't 4» 
[0064] UJlTfc. *ffe^tC3Sr *«?di^Jt*5 ilflSJt 

[0065] 

[|»J] [£St0f 1 ] ^#*TCfflv^iit v tf: I- '.J ^ 

•/ H 5 ( ^sSMQb = 4 A 

h ) SrEJiR-f 4 1 h i tc, I^S^§Tn a n mm*.lA L ~ . 
l*l3SJSfii fc §fi t & B m Uz , 

[ o o 6 6 ] mm uzumi . ot^m o t** . 

[0067] -T^^. QQJR, 4fcli*Atfe#«ft* 

vft^MtnmtciiauT . o . 1 cm a < 4 o o 

m A ) comti&mx 1 6 H$n%< L . 1 B*HK* Jttftf* . 
0 . 2 C m A (800mA) (^IH? 1 . 0 \" J; J K 
€L, lB#M*±S:ffo„ dix2r20^D3lL. 3|hI 

B<oi6(Mzmw-&mm<o#±tfmx\ 1. ocmA 

(4000mA) COttafflt- 10msec *7)®B#TO1: 

{4, mmmmm^mmtmrnt , Mti^int 

4iiM<OSg^mE<7)IIS:fi5fflL7t. ,ltf>JSi$l3SJ®*> 
ft, l^H<Oft±*B^-C, 0. 2CmA(800m 

a) «jg«am. ovira«*ff»r\ >r^flr« 

[0068];-) Lxm&itz^m^mRQ^nm& 
tsizcottmz^^xTU'y bt&tm%mmmm 

84 9 0 (4 ) 

&WSj&*fr&tzfr<nm%ffitttM.Z l. OCmA (60 
0mA) t lizimiRb IWfftH^l ^« 
Qa =6 4 2trtlS8SSi;Z# =6 5. 2 5t*»fc. C 

*i4>^)««r<>kC. ^ftfCgm: (4 ) <?)\m* = - 

129 1tb = 84 9 0Sr«iEtT 
+ Q A -a (Q fl / Q b ) In ( Z„ ) 
68 ( 5 ) 

Zl = (Vocl -V2 ) /6 0 0Sr**^)3t- 
0. 2CmA ( 1 20mA) T'3 O^BB ( 6 0mA h ) 
imtXfrb. 2MfP B 1t7){*±&fe#. S^mEVocx * 
Lfctt , Sl/ 6 0 0 m A . 10msec ^amSItt 

2fafcffl*fcLTrt«JSfitZx = (Vocx -Vx2) /6 
0 0 itdfyii. 
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[007 1 ] Z(D30mn. 2H*ISIt*jt. *P«EV 
ocx Mfe. 1 Om s e cSt, *f«EVx28»6^)»fP 
?rJScSB#0«E^'3. OV ( 1. OV/W) izm&t 
THOiBLfe. JWWBE*«3. OV ( l . OV/-t^) 

Q = Q A { [In (Z) +dV-e] / ( f V 
(d, e. f, glijg») 
^SfCd, e, f, g£K£f}U 
Q=642 x { [In (Z) +15.1V-H.3] / (0.15V-0.208) } 

z&mgimfe&zimuz, m\fc£ (6 > «*. 

Vocl (Q/Q A ) <2. 55 (0. 85Vx3-b/H 



[0072] £5LT#fcfcKlfcT-*«>o^ 400 

lt^*lSffr<Ot*.it*ffVocx fc, ftMftZx fc. JJE 
Q A = 6 4 2tfrh 



g) } 



(3) 



(6) 



(7) 



±Ml£\mfc£ ( 5 ) C^oTffiffit 

[ 0 0 7 3 ] ±te^t=t oTStfMfcfttBfciSW' 
l»ffi7'tE* i 3 . 0 VtMS#»«*QB<OflcjI:18EVoc 

&<b*> w>ro y h tx . n 5 £*-ta«*a}0>fctfx*> 

QrO=Q A -Ql 
Qr0*5l^fliift^*&O«JI4:-r*. ifc, 

1 0 0 X ( QrO/Q A ) 
fc IX . fey Ftit: t fC# 4 . 
[ 0 0 7 5 ] Z\ o LT#fe*Lfc*flSHfe* ( 5 ) . fci 
IX (6) , fcJ:t;tE-M«f-^JtJ:(:, HI 
IR Lfc h V 7)V$l-~ 7 H S ^ A«fly?-x ? ( 3 
-fe/Ml^h &S^ft6 0 OmAh ) C0^*fc i 1>'S*!S 

[0076] EPKLfcWfi/'W?**, 4"f0. lCmA 
(6 0mA) Tl 6B#H5ESL.. lB«a<Oflc±*{I<. 
«7«ff Vocl &Sl5e.U:tjL 1 • 0 C m A ( 6 0 0 m 

a ) t" i o m s e coffl^riiiftm^ifvv wmmmm 

^«EV2 SrfflJgU l*l8WgffiZ = AV/I = (Vocl 
-V2 ) /6 0 0 

[0077] i|*t 7 ? £ 2 B$Ottik Ltz'ik. 0 . 2 
Cm A ( 1 20mA) TBBHI»«EVocl #3. 6 0V 
(1. 20V/&],) W±3. 7 5V (1. 2 5V/-fe 
Err= 1 00x (Q-Q m ) 

SrSBU i*ltlMIErr4: Ufc. 
[008 1 ] *£H£H6fc7jrf. 

[0082] n 6 (inn t?tii^m*t®*^<o&morf g 
sstws, ±ia ( i o ) ommzk^zxubtemg: 

ocl tf 3 . 6 0 V JjLh 3 . 7 5 V*8l<OlR«tt!Bfc* 4 

kh«&/ < 9 nmsmxh o . n*. lias^mE voc 

1**3. 3 0 Via±3 . 6 0 V5|s»|<0»*«JBfc:**K 

grab/ s- ••/ ? gauges? a * . 

[00 83] H6tc«3i&a»4J:3ic. H£*«Ri:$rofc 
Qr =QrO (Q/Q A ) 

Err(r) = 1 00x ( Qr -Qrm 



[0074] 05J4. 



SIt-^T-AO. -0J£ LT. K 
? wJirFSEVod #H 5 C^f '.. trM": 

(8) 
(9) 

^ ) *js t tt h 4 x-wiMth . i iBHa<off . jjd t 
isi^^^iit-jg^mE voci . rt«H&& z s- aijg-f 4 . 

[0078] S6C2lHfiKifcitLfc». 0. 2CmA 

(120mA) <7Mfiim?mm%n)± voci // 3 . 3 0 

V ( 1 . 1 OV, -t/t, ) feLh 3 . 6 0 V ( 1 . 2 0 V ' 
*>l ) 4 X'Wt L . rs]»(C L t 2 u#|S](*j|:W 

[0079] C ^ L Ta«gLfc«KP«EVocl t nafflg 
filSrWfM (7 ) *#*L-C^tflJES ( 5 ) 4^{i 

(6) cftAL. ffiyEnfrb<omw«!mm.Q*:n&i 

10080] ZhlZ. mtftWi'mtl^yfte. 0. 2Cm 
A ( 1 2 0 m A ) -C'S7€E3 : 0 V ( 1 . 0 V/-b 

m txmmi. mi£%fr znzn 

Qui (10) 

it. mmuz^mzitKxi§M± 1 5%w^ a#f^* 

[0 084] S&C. S^'SEVocl c7)flSrH5(C-nt 

«E-»*ia« (HfM) cjifflL. ±ieH5(c^L^m 

ff-S*<OR|ffi*»^ (8) ^«toT#'biX7tSaQrO 
i: . difc^ftWfet ( 5 ) ( 6 ) (C4 oT'f#<o 

fi>tiS?t«*^^S»ragiftS^fiQi:WJ^fl:Q A k 



tzUmx-MfcUzMi 
/Qrm 



(11) 

IBUlQrikJtlSL. 
(12) 
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[oo85] mmzmnz^t. m7iiumit:m%& 
%ttttBte$>& 3 immm^ ? iz^x , mmmz 

*T74 (12) #T$*>t:m%BUk<V&&Errto <ffi 

1 0 0 8 6 ] H7 iZmLtzk o fc. #tt«Rlireil£ L 

J=Vocl (Q/Q A ) 

[0 0 89] *6**ia8fc*t. 

[ 0 0 9 0 ] 08 tit -tEHttW 1 K*Lfc*ftW3ta 

( 6 ) ^fleffl-tiwaan-c** . * ( 1 3 > ti ot 

[009 1 ] 08 £>£>BJte#>& J<9«#2. 5 
5mT$imtt ( 6 ) £^Lfc*£«>iiJg**tf> 

nmmzttt&mmte. jcmm. 5 5v±xm 
( 6 ) ttmm iti^zitKx^ < % o 

[0 0 92] [HJH0I3] MJ^W&E-v^rt^FS 
*7A-fe/l- 6 OOmAh) *>»**8B&$-4fc 

[0093] Klttffltttf&ftA 1 , £ 

*l£VWfcyC0. lCmA (6 0mA) T'l 6B#^5E« 
LfcflL HIElKSBTOEVocfciEttU £*i£Ell He 
^tfctt-CflttU f*jttt!Bfc*i&. flc±«#Oft»fcBll 

0»sshp«evocx s-ibiil-c. sy[3i-^r^«§ 
ocx tsr. mm^m (tkmrnm) zitizm-vbitz. 

[0094] b'J 7)1%.= - y Y)Vf] Y S "^JU-b/l- 
ftg*6 0 0 mA h ) €r 1 0 O-fe7U0JRU 0. 1 Cm 
A ( 6 0mA) com^T'l 6«*IHfc«Lfctfc. Hit09 

1 1 r«k txmimmti^<7)ti(Wiim®mm$?t 
ittuz. mmmitmmzix. mmw?WEv 

ocl t ffim&Q ZZtl?tl<?)&£fc&-tMZ^Xft 

&Liti±Mzmm-®&$imz&i owrommixm 
&Qr zmfet&ttuz, mnffi&Qrtthmxs*) 

fc. (12) ^tcioTJtS^H^Scaj U -?-<7)*g*fffi 

a' =a (Q 8 / Q B ) 
b' =Q A -a (Q„ /Q B ) 
*OflL RW6/*y7*0. lCmA (6 0mA) 
8W? 1 6 0*IS!%« L . 1 #ffflft± Ufc . « wr , $7 
mSVocl £*|JSU«8l*l. 0CmA(600m 

a) Hi 2iz*it:vmtfziimmmi. im 

#±£tiVt&* 0. 2 Cm A ( 1 2 0mA) 

"?3 0$H5I»*U 2B*filtf>tf:±*tSV*fc. 2B*ISK*ih 

iffi7-r&tnfrW£i:m%. ittmMszxizmm® 
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[0087] [gjfcffi|2 ] HJfcflJ 1 fcfcirVCSBU:* 
IS/^^OiJftSItv *»WjttST^)iffP«EVoci 
fc^Sfi^ll fc*Jtt**ftWg« ( 5 ) fcit^ ( 6 ) 

[0088] ( 6 ) <offifflaenk *4 . Kg* 

w\->y^c7)s^mEvoci ksMfrfbflwwsaQa t# 

(13) 

tf>**ft£l2ll lKJSLfc. 
[ 0 0 9 5 ] 01 1 £wlizW#&g?)Bckm*htyt> 

0. lCmA (60 mA) . 0. 2 Cm A ( 1 2 0m 
A ) ova*. #;Wt<OB*ISBiO . 5B#p B U:J.T^7i I 

[0096] [mmwu ] uttM i tzm^tmt nmo 

5 -of) b [) 9 tl-M-E.- 7 *)V*i Y 5 ^ -c y ^ ( 3 
■fe/HtJiJ) I^JiAU ±ie^SSWl(cfcw>T*^ 

[0097] tZcbib . REHI^f -v 7 Sr 0 . 1 C m A 
(60mA) coma$T 1 6 B#P a 1?£l L . 1 H#H(*.il:. L 

fctt, 0 . 2 C m A ( 1 2 0 m A ) ^jl^t' 3 . 0 V 
(1. 0V/-tr;L ) iTScmL, 1 mm»±rff ') .. Z 

<VX»Mi: 2®mmL. $^tc, [5] i; X '5E« L I* 

L, WofEfiS 1 . OCmA (600mA) X\ 01 2 (Ctj^ 

S7HEV2 &M5gt7t. l«fHO»jhS:*J^Jta. 
0 . 2 C m A (1 2 0mA) ^lEfg^T' 3 . (') V * T '/c 

a «Z» = (Vocl -V2 ) /6 0 0»'oSW: lit 
4>C0ffl^ 1 1 (C, ^t*'J^SiP5t ( 4 ) f>f$fja = - 1 
291tb=8490 *mLlX'£[\Z#m-& ( 2 ) *M 
ISca' . b' 5rWTO^Tl*5E. 01 2(c^^flr^ 

[0098] 

(14) 

In (Z A ) (15) 

^Jft - *SHP«E V x2 $r »J5e L T ^D#raTO'l *• &7 L ^ 
[0099] SMt+^SfiHFmE^ 3 . 0 V ( 1 . 0 V 

±iv) izim-t&zx\ z<D3o$-mm. 2mwu* 
it. «71jevocx aug % ffl$m%m. *fiHF«Evx2a 

Vocx tZx = ( Vocx -Vx2) / I ^SfiQ s A^iS'l 
^ftflfe* ( 3 ) <0ffi»d , e , f , g 0 1 

2lZjjkt&ZWc. 

[ 0 1 0 0 ] Z<?)& d iz iXttti. Ltz2*X?)%4tW&t 
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WO/*?? O-fe/HS^K ^ifi6 0 0mAh) 5 0 
A 7 ? Co # 1 0 A' y 9 ■f~? J ctl?tl<Vfc£it$' a fr 

t>im. uzm^zwm l . mmm 1 1 R*t lt 

[0 1 0 1 ] Hi 2(c&H£^\ tthh. hi 2lZ 

WMcr>mm.(DM±i^ Lxti*). mmmm$m t *» 
[0102] cuttn 5 ] mm 1 KJHufcofcraito 

5-ocT) h "J ?;HiE- 7 K 5 ^Ati^Vy ? ( 3 
*/Hi?iJ) fnfnrJiAU ±IBHSt«llfc:t>^T*ftJt 

#fcfljaww (4) *»4>*ft«jg5«^wv^. 

[0 103]t=Jrij^g«}frty?iO. lCmA 
a' =a (Q fl /Q B ) 
b' =Q A -a (Q fl /Q b ) 
*<9fiL - y ? J 0 . lCmA(60mA)«| 

mm? 1 6 ufflsjs* l . i nfrisKfcit u: . «wc , 

«ffVocl SrSMjeL. 01 3 fcSrt^tiapp'C. 1 0 m 

s e cnmmmtmi. wmmj-r^mm^WF 

*EV2 lBfflBtftffab&fcvtfrft. o. 2 

Cm A ( 1 20mA) COlS^T' 3 0 #|fflft* t , 2B# 

mfcimjimxitzmmmmEvocx tit:, * 
txnwi oms e cmmmnkmzmm. tis^m&vxi 
zmm txmmmmmmi itz. 
[0105] 3 . ova&mti 

tx\ zwoftmEm. 2mmt*±. jbmevocx 
Mfc. 1 oms e cm.mm.rn. ^n&vxmmm 

= (Vocx -Vx2) /l t^&Qi &t>%W>%<ffl%& 
(3)<7)imd. e, f, gSrftg. Hi 3fcr*t"fiS: 
ftfc. 

[0106] Z.<7)£ 0 l/ZlX&f&lfz2 i<n%wtm& 
HzmrS\ ^X . H 3 fcijcr , *fMJJta5: 4 £ *£; i t^l 
¥43Slltt»JlffL^3CtMaMna(ttfflLT. 0JRL 

h U 7 7-y^ H 5 ^ATO^Cv ? ( 
ISM, iW600mAh) 50A' 7 ?(;ouTM 

a' =a (Q fi /Q B ) 

b' =Q fl -a (Q A /Q B ) 

-eoa. ismmA' y^^^nEEvoci earau hi 

4 fc*t#IK»T' , 10msec <mffltmfiX. L , 
1§l<0W±Zt5^tz1£* 0. 1 CmA (6 0mA) OUS! 

it it mmm z mm ixMimxizmmmmt. 



(60mA) <?)m : <mX 1 6 B#Pb13E« l . 1 IfflKfcll: i 
tz&. 0 . 2 C m A ( 1 2 0 rn A ) 0)WtiftX' 3 . 0 V 

( 1 . 0V/-feA) £. Xim 1 . 1 BfflBflc.il: & fir i . C 
Ojfcft**: 2E]!t l 9i£U P]t^ftT5t€L* 
jfcLfc. StefcHflrf affirm ffl^-«EVocl riffle 
U H 1 3 tc^-T#«giEtf If. 1 0 m s e c ^)|8H6I4 

Lfc. Il^ia<0(t±iti^/sa % 0. 2CmA(120 

m a ) w^otE^t' 3 . o v t xwmitm > , c <wmfr 

^SiQ, £S*b£z. ftmtmz k {iZ s = (Vocl - 
V2 ) /IA»6*ftfc. ^il<otf0fiISrti:C &t*l5t 
( 4 ) <m&a = - 1 2 9 1 t b = 8 4 9 0 rffl 

jEbt^bfMst (2) . b- ri:J.r^5tr 

HI 3fcijrrttHSfc. 
[0 104] 

(14) 

In (Z» ) (15) 

[0 107] HI 3fctS»Swrt-. -r^o^. HI 3(1 

ti, m%.ltzMim&Qb2mm&Qm b»e>1M>tvk. 

WM<Dmim.<V&*;** tTfcv, 10msec MB#PaT 

scm^mgiffi^ o . 5 c m AHLkvtisma 1 ^ < mm 
%.mM.mm47t& z t iffltzfrtz^fz . 

[0108] [^JtM 6 ] Hffiffil 1 (CfflV ifctofc RtKcO 
5 h y 7)lMiLE.- 7 ^l/Xf K 5 ? Aflftffiv < •» ^ ( 3 

^f'JSS*^ ( 4 ) 3&»6*ftfl^C*»V^. 
[0109] i-Zcto-h . lltiA' 7^0. 1 C m A 
(60mA) commx 1 6 BffiffiX L . 1 »ffl3»± L 

7tft. 0. 2CmA ( 1 20mA) <0«8iE*T3. 0V 

iTftSL. i«fflBflcjh*ffa. <r*o5test«s-2ianfto 
-r^»frc s^ttEvoci zmmi. m 1 4 

8SE« 1 1*. 10msec<7)W^tL. BE3W^» 
7T!»eflr<0«i L mEV2 JragLfc. 1 Btm^flcihar 
iJV^t^, 0 . 2CmA (120mA) <DMMMX'3 . 

TOSfitZ fl (iZ A = (V2 -Vocl ) i*>r,*y) 
fc. CitfeOMSrfctfc. '£tt$>\fmm# ( 4 ) i^ffift 
a = -1291tb = 8490^fflffi LX#1LW&i 
( 2 ) Dffifta ' , b ' SrOT^^-C^, HI 4fc* 

[0110] 

(14) 

In (Z ft ) (15) 

EVocx t Ltz, % LXWtf 10msec l^f* 
Hifi. ^«EVx2*TOLr«BWI4MI*»T Lfz. 

[oiin tttw&mtfi 6$fmzmm-&&x\ 
z<r>i^mmm. imm±. n^tfEVocx $m. 1 

0msec mmmiZW. . ffi7€E V x2 M5e $r IK 0 il L 
Jt„ ^tl^O#3tl:^X(CjD(tl»Vocx tZx = (V 
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x2-Vocx ) /I t^&Qi frt>%W)$itm%£ ( 3 ) 
<9ffi»d, e, f, g*i«e, Hl4fcjR1-*tllfc. 
[0112]^J;o fcL"Cfl*Lfc2o«)#fl5WJ&rt 

^aSg^AHL^^m^^E^^fflLT. 0JRL 
fc h 'J ?/WH=:=. y K 5 ?AtE6> 1 >y ? (3 -fe/l/ 
tt5fl> ^iSi6 00mAh) 5 0a- 7 ?$;#10A7 
^■foJIffl LT , SHU* 1 fc* LfeH^iaSflSoftfo 0 

£ . rows 1 4 ts^-tJBiwrewtff a kwu 

[0 1 1 3] 01 4tett*tSH". t*^. 114C 

WM<nm$\mm±*^Lxti o , iomsec 

JWI^SSffi** 0 . 0 5 C m A tLkTI iMJI^'h § < iS 

[oii4] [ n wj 7 ] nmm 1 ob^cd^ nat^ 

5 oct) h ij ^;ujh=- 7 >r)Vii H 5 7Alil!A- 7 ? ( 3 
^MiJ).frn a n &!§AU _LiEllife0!ll (c*jv>T*»fc 

[0 1 1 5] imm^-vtZO. lCmA 

(60mA) CD«gE*T' 1 6 BftSftft L , 1 mHSttjt L 
fcft, 0. 2CmA ( 1 20mA) 0)MW£X'3. 0V 

mt£. S^mEVocl ZmfeL. l. OCmA (60 

0 m A ) 0)mffi.mX\ 10msec CDffl®mffl1frm I . 

ISROflcihitS^JfcSL 0. 2CmA ( 1 2 0mA) COM 

mmx-3. ovsttt^T^, zommfrbm&Qt 

l*Mfi.Z A f2Z A = (V2 -Vocl ) / I 

frt>-$£>fz. ztibcm*i>biz, ^flS»S 

(4) OffiRa=-l 2 9 1 tb = 84 9 0£?fIELT 
_&fl_ffl«3J. < 2 ) OffilSa' , b' *J2lTS>*Tifeje, 

[0116] -174 = a (Q A /Q B ) 

1 3 68 = Q A -a (Q A / Q B ) In ( Z A ) 
Z<0'&. mnm^-vtZO. lCmA (60mA) <7)« 
8WC 1 6 BJHBBttt L . 1 b*ISK*jJ_ Uz.m^X. fttt 
B»fr23MJtC, Si^«EVocl £$I£U 1. OCmA 

(600mA) affflWC, 10msec ^OfalMB^I^jfe 
*U Stt18S:»T-r4iIff04iB^«ffV2 Sril^l 
fc. l«SBW>»±fe*JV>fett. 0. 2CmA(120m 
A ) <Ot|E»5pT 3 0 ttEtft* L . 2 B#[l<7)f*±^ fc V > 

tz. 2nm*±if%ithbK<r>mmm&2®mz, ® 

u.. fusviomse cmmwmzmm. m* 

[0117] jfem^^a^mE*^ . o vtnaw-a * 
r. £*>3o#ia2Mr 2«risM*±. «^mffvocx n 



i om s e cmmsam. m^izvxzmfcmj) 

mitz* ;<i4>o#lMKBmtxtci3»t*Vocx tz.\ - 

(Vocx -Vx2) /It^SQ A *^oSi|^fWI?E^ 
( 3 ) COf^d . e , f . g£&5t, xiixti. d - 1 
5 . 1 „ e =- 1 1 . 3 . f = 0 . 15. g » 0 . 20 

[ 0 1 1 8 ] CO «t ? £ LTfftS Lfc 20<7)^tfiJ5g^ 

H^Ky 7 ( 3 -fe/H^ih 4^«^JI6 0 0 m Ah) 10 

mizmmucMz. mmmitmmizix . ®mm> 

[0119] m9^m^t. tttfrh. I2I9CU. 

s^mEVoci m^mmmmmmnzmm irjwv 
t wm&sb b <?)mm z * itzwx-h h , m 9 h m h *» 

SKSr»s Lfc*§^, ra*6fr 2® mi i vsmx-m-n. 

[0120] Lmtms ] mmm im 

5 OCT) h ij ^ 7 y/Ufi K S >7 jUlHIi' < ••/ 7 ( 3 

^-f^MS^ (4 ) 75^^-ftWS^r#^^<. 
[0121] -f^foh . MMM'* -'9^0. 1 C m A 

(60mA) <?-)wmx 1 6 m 1 , 1 n#raff ± l 

?tf^. 0. 2CmA ( 1 2 0mA) (OWMMX'3. 0 V 

C m A ( 6 0 0 m A ) COWffi&X'. 10msec COPbIS 
tfJfflfttU KtW*il»7f 4*#JW«HF«ffV2 riffl 
SL. Mam^Tf*2#M5i^B$*c?)ii|^i2EVoc3 * 
iffl^LTt. mP^ft±**J^7tft, 0. 2CmA(l 
2 0mA) <7)W8$&X'3. 0 V*"ClWI*tflr\ -f)tt 
«#^£4Q A S:««>3t. raffiKZ, tiZ A = (V2 
-Vocl ) /Ifrhl&Mz. Zti t biz. &\t 
flJtS^ ( 4 ) <7«a = - 1291i;b = S490 
*«ELT*ft¥flfeC ( 2 ) <?»a ' . b ' ^OT<7) 

[0122]-174 = a(Q A /Q B ) 
1 37 0 = Q A -a (Q A /Q B ) In ( Z fi ) 
fCOft, < v 7 £ 0 . lCmA i 6 0 in A ) cO'jg 

; mx 1 6 B#|§M L . 1 B$p B 1f*± Ltz . . 1 • 
OCmA (600 mA) COl^T' . 1 0 m s e c COS 

il^ L . ^^^Tf^2#^jgc0D#*C0Sg^®lVoc3 
SrSISUc. mracDfrih^fcV^d*. 0. 2CmA 
(12 0mA) cr>1gm<X' 3 0 »1 1 . 2 B$P B 1<?)^ 
jh**5V»/t. 2B$Hflcjb&^Tt4 tSlf 10msec 
»B*H»«*|lifi. JSH E «EVx22rillJgLTfflBflSWWE 




mil. m& 2 wmvm : ¥-w£im& ifomufg. 

xCfcttaBfliggMLEVocx tu, 
[0123] tt«>fO«HF«BE#3 . 0 Vt&mtht 
X\ Z(D3 0 ttffltm. 2 mWlft±. 1 0 m s e c 
PalJScm, 3i£?mEVx28l5£. JSHFUffVocx iJ5£tf)}£# 
SrHOiELfe. ;^^>o#ft«9aSxfc:tJ{t4Vocx t 
Zx = (Vx2-Vocx ) / I i:^4Q A i?^W^\m 
JW ( 3 ) Oflftd. e , f , g£&5£, Wffl. d 
= 15. 0. e = -l 1. 4. f = 0. 15, g = 0. 
2 1 OSrfffc. 

[0124] <r<7)J: o fcLTfl*Lfc2-3^fcW)&* 

h 'J 9)\>WE- -v *ri\>i] Y 5 ^AfifA'.y ? ( 3 -fe/P 
■91, M^i6 0 0mAh) 1 0^«y ^tOV^TJB? 

[0 12 5] HI OtlS^it. tthh. HI 0 

[o 1 2 6] hi ofrt>mt>irtcj:ot<z. m&Lam& 

mrnim 2 #mrttf>«HP«E voc3 ans^iot l fc* 
»T«2#*]Bi4i$ffl'r'« : F«Evoc3 iaos&t 

[0 127] 

[0®«©mftiJiBj] 

[HI ] *^^ftl»- y^;^H5 , >A®t^*& 

ass (*a> fcffli$iai!«fc wajeswE a v t <nm 

€E V t ffl«HBBR«fc:*f1-4 fi$¥SE A V fc oMffi £5* 

[H3 1 *HBjtcfti»-.y^;^ h s ^Amm^mts 
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[H5 ] ^wmmmnzmm&mmzm^m 

(H6 ] *%Bfl?)gggfcffl 1 L tzMX'h o . -■§■ 

Ltiwesssrchh. 

[07 ] *skh<?5||j|0( i (oa*sr* Lfeiar* o . # 

amWc & f l^ftiOHSJ^S t t •& fftg * ^ 

[hs ] *mmmm2m%£7Kit2®x-;b o . # 

^ttHT*l»„ 

[010] *fKB«D||iS0«8^**^LfciaTft 0 . 
[HI 1 ] *fHBfcft4«E-S**«H&*A4^rt^> 

[hi 2 ] *%wi,zi&mnm.n&&ii®t %mmm 

[Hi 3] *miiz&i®ffimwMtmmt®M.mm 
mmw-mz^tmwmx-h s . 

[HI 4 ] *%mcA«m8m<7)«oSPfsi:$Jttt% 
[flFfOKBJI] 
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